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PREFACE. 


In presenting the Report of the jHyclerabad Chloroform Commission to 
the various Universities and Colleges, and to the Medical profession, I.dcsiro to 
express my regret at the delay which has unavoidably occurred in its production 
and publication. 

This delay has been partly due to the dispersion of the different mem- 
bers who formed the Commission, and partly, also, to the entirely unex])Cctod 
character of thg discussion on the results arrived at by the Commission, More- 
over, it was the wish of Surgeon-Major Lawric that the ex])erimeutal data of the 
Commission should be subjected to the test of prolonged clinical expcuieTice. 
This test has been rigorously applied, with results which are set forth in detail 
in Part IX. of the Rej)Oi't, and which appear to be eminently satisfactory anti 
conclusive. 

I agree in the view that free criticism and discussion are essential 
to the final acceptance of the prin(,“ij)les confirmed or brought forward by the 
Commission. In accordance with this view, everything of importance, which 
has been advanced during the controversy to which the Commission’s recom- 
mendations gave rise, has been incorjwrated in the Report, 

At the special request of llis Highness the Nizam’s Government, the 
Government of India dej)uted Surgeon-Major Romford, of tht^ Indian Medical 
Service, to serve on the Coiru lission. 

I desire 2)ublicly to tender my warmest personal thanks, as also those 
of thq Nizam’s Government, to the President and Members of the 
Commission, as well as to the President, Surgeon Patrick Hchir, and 
members of the first Commission, for the very efficient manner in which they 
performed their arduous but inbucsting work. To Dr. Lawrie is due the 
^credit of originating the Commissions, and it affords mo great pleasure to 
convey ^o him my own cordial acknowledgments, as well as those of His 
Highness’ Government, for his disinterested labours. Our best thanks are also 
due to Dr. Lauder Brunton and Surgeon-Major Bomford for the thorough and 
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exhanstive maimer in which they carried out the wishes of His Highness the 
Nizam, that the question of the safety of Chloroform should be brou^t to the 
proof in Hyderabad. I also desire to record my high appreciation of the work 
done by. Dr. Rustomji on the Commission. 

In conclusion, it only remains for me to express the earnest hope that 
tlie results arrived at by the Commission may prove of service to the Medical 
j>rofe8sion, and may be attended with benefit to humanity. 

ASMAN JAH. 

HvDr.RAHAi) Deccan, 

11th September 1S91. 




BEFOBIP Of THE SECOND HTDEBASAD GHLOBOFOBM 

COMMISSION. 


Part I.— THE ORIGIN OP THE COMMISSION. 

In presenting the report of tho second Hyderabad Chloroform Com- 
mission to His Highness the Nizam, the Commission desires to express through 
His Excellency the Prime Minister, Sir Asman Jah, its grateful sense of the 
oxtraor(rinary and unprecedented liberality and public spirit displayed by His 
Highness’s Government in carrying out a work which is not only of scientific 
interest, but of the greatest practical importance to the whole human race. 

2. The Commission was greatly encouraged in this work by the personal 

• interest shown in it by His Highness the Nizam, who, accompanied by his Staff, 

, visited tho laboratory on two special and memorable occasions. 

3. Tho Nawab Munir-ul-Mulk, son of the late Sir Sabr Jung, the Maharajah 
the Peshkar, and the Nawab Fakhi’-ul-Mulk also paid visits to tho laboratory 

• and witnessed several of tho experiments. 

4. The same interest wlTich was displayed in originating tho Commission 

• wa» maintained thi'oughout by the .principal officers of His Highness the Nizam’s 
Government, especially the Nawabs Mohsin-ul-Mulk, Vikar-ul-Mulk, Imdd-ul- 
Mulk His Highness’s Private Secretary, Fattoh Nawaz Jung, and Mr. Furdonji 
Jamshedji, Private Secretary to Sir Asman Jah. 

;5. Two Commissions to examine into tho alleged dangers of chloroform 
have been appointed by His Highness the Nizam’s Government. The first 
Commission, which was appointed in 1888, consisted of Sm’geon Hehir, I.M.D., 
President, and two Members, Messrs. J. A. Kelly, L.E.C.P. & S. (Ed.), and 
At Chamarette, L.M.S. This Commission was applied for by Surgeon-Major 
ll. Lawrie, Residency Surgeon, Hyderabad, because, having always believed in 
the truth of Syme’s teaching that chloroform can be used judiciously so as to do 
*gocd without the risk of evil, he desired to show by experiments upon dogs that 
in death firom chloroform the respiration always stops before the heart. This 
'point having been proved, the second Commission was applied for, because it 
was felt that Syme’s principles, which both experience and experiment had 
shown to be practically sound, must be founded upon a firm physiological basis. 
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6 . The following letter explains the action of His Highness’s Government 
with regard to the first Comnussion and the lines on which the experiments 
they performed were conducted r , 

From Bnrgoon-Major E, Lawbie, llesidency Suigcon, Hyderabad, to Surgeon P, ^eib, uJ)., 

dated Hyderabad, 1.8tb January 1888, < 

c 

In acjcordancc with instructions from His Highness’s Government, convoyed in Major Gough’s 
letter of the 15th instant, a copy of which is forwarded herewith, I have the honour to inform you 
that a Committee is appointed, consisting of yourself as President and Messrs. A. Chamarette, L.M,S»$ 
and J. Kelly, as membem, to cany out a series of experiments to test the effects of poisonous doses 

of chloroform on dogs. 

• 

These experiments should have an important bearing on the way in which the administration of 
the anaesthetic ought to be conducted in the human subject. 

I would suggest that the experiments of the Commission be conducted on the following lines : — 

I. The attention of the Commission should be specially devoted to the effects of clilorofonn on 
the circulation and respiration. 

II. The cliloroform should be administered generally in the same way as it is ordinarily given 
to patients in the Afziil Gunj and Kcsidency Hospitals. 

III. The dose and rapidity of admiiiistmtion should be varied in eveiy possible way, and the 
admixture of air with the cliloroform should also be varied, , 

IV. At least 100 full-grown dogs should be killed with chloroform, and the points to be specially 
noted should be — 

(rf) The time taken to bring the dog fully under the influence of the anaesthetic. 

(d) The interval between this and the stoppage of respiration and cessation of the pulse and 
heart’s action. 

(c) Whether the heart is dii'ectly affected by chlorofoim, and whether it ever ceases to beat 

either in slow or rapid poisoning before the respiration stops. 

(d) The effects of artificial respiiution commenced dii’ectly the respiration stops, and at 

varjdng intervals afterwards. 

V. The details of procedure will be left to the Commission, and you are requested to submit ^ 
r^rt of the work of the Commission at any time convenient to yourself before the termination of the 
cSKsial year. 

7. The report of the work of the first Commission, which is republished 
as Appendix A, was embodied in the annual report of His Highness’s Medical* 
Department for 1888. The experiments of the Commission led th^m to conclude 

that chloroform may be given to dogs by inhalation with perfect safety, and 



^thout any fear of accidental death, if only the respiration;!, and nothing but 
the respiration, is careftilly attended to throughout.” 

8. In forwarding the report to Gove/iment, Suigeon-Major Lawrie stated 
that “ the results of the experiments, harmonise with the principles necessary 
•for the Safe administration of chloroform taught by Mr. Syme, who never haij a 
fsdial case, and with my own experience, which is founded upon those principles. ‘ 
I- have killed scores of dogs with chloroform; and in every instance death has 
resulted from failiu'e of the respiratory function. I have also given chloroform 
in surggry, without a death, for more than twenty years — during* the last fifteen 
years s^eral (five to ten) times every day — and I have never seen ejmcope or 
failure of the heart’s action produced by it. Finally, it may be mentioned that 
the Hyderabad Commission have* searched the records of accidental deaths from 
chloroform in Great Britain since the year 1855, and they find that there is not 
a single death from chloroform recorded, in which it was proved that the 
respiration alone was attended to tlxroughout the inhalation”. 

9. The report was forwarded to*“ Tlte Lancet ” and other medical journals . 
in due course, and the reception it met with, as well as the circumstances which 
led to the appointment of the second Chloroform Commission, are rendered 
clear by the following quotations from “ TIm Lamet 

[“ The Lancet" March 2, 1889.] 

Tin a report of the recent prize distribution at the Hyderabad Medical School, which appealed in 
our issue of February 23rd, some remarks of Surgeon-Major Lawrie, M.B,, 'M.E.C.S., of the Bengal 
Army Medical Service, are mentioned, which deserve some comment. Wo leam that a Commission 
had been appointed to investigate the action of chloroform, and that the r^ult of the researches 
made upon pariah dogs was that these animals were killed from respiratoiy failure, and in no case did 
cardiac syncope occur directly. Unfortunately Mr. Lawrie contents himself with bai’c statements of 
results, adding that these results tally with his own experience, which he believes to be uniquely large. 
Mr. Lawrie, ns a disciple of Simpson and Syme, arrives at conclusions consonant with the teaching of 
those gfeat clinicians, but utterly at variance with the experience alike of experiment and practice as 
carried put in Europe. We should require more than the scanty statements of experiments^performod 
upon dogs — ^notoriously nonsusceptiblc to chloroform syncope — ^before we could accept the conclusions 
of the Hyderabad Commission when they appear to go in the very teeth of those at which the 
Commission appointed by the Royal Medical and Chirurgical Society and by .the British Medical 
•Association arrived, *nd, further, are opposed to the careful and painstaking experiments of such 
Bciftitific observers as Snow, Claude Bernard,* McKcndrwjk, and others too numerous to mention. 
All those who are familiar with chloroform are well aware that syncope, when primary, as a rule super- 
’ venes in the initial stages of inlialation, while secondary eyncope due to respiratory embarrassment is 
the result of accumulation of chloroform in the blood leading to paralysis of the medullary centres. 


^ * This is a mistake on the part of the writer in T/ie Zancet/* vide page 19 of this Report, 
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and occimi in a late stage of the administration. The primary 'syneope is rarely, if ever, possible 
to induce in dogs, although, unfortunately, it is this form of chloroform heart fail&re which does 
occur in human beings, and which it is ahnost^mpossible to remedy. While welcoming the attention 
paid to the subject by the Hyderabad Gomisission, we cannot but feel tliat, should the Commission 
inculcate a disregard of the heart as a factor in chloroform dangers, it will do harm and provoke a 
slipshod carelessness in the use of that valuable anesthetic which must in the long run do damage to 
the* cause the Commission has espoused. 

Tlie Lancet^^'* May 11, 1889.] 

BT SURGEON-MAJOR E. LAWRIE, RESIDENCY SURGEON, HYDERABAD, AND ‘ 
PRINCIPAL, HYDERABAD MEDICAL SCHOOL. » 

In *^The Lancet ” of March 2nd, 1889, page 488, there is an aimotation criticising certain remarks 
of mine on the subject of chloroform in which the writer states that* “ all those who are familiar 
with chlorofonn arc well aware that syncope, when primary, as a rule supervenes in the initial stages 
of inhalation, while secondaiy syncope due to respiratory embarrassment is the result of accumulation 
of chloroform in the blood leading to paralysis of the medullary ccTitres, and occurs in a late stage of 
the administration,” and that unfortunately it is the primaiy form of chloroform lieart failure which 
occurs in human beings, and which it is almost impossible to remedy. I have no wish to say any- 
thing to give offence to those who hold the same views as the wiiter of the annotation, but I hold that 
those views are wrong, and that there is no such thing as chloroform syncope. 

It is conceivable that syncope may occur in the initial stages of inhalation of chloroform, but in 
the course of a very large experience I have never met with a single instance of such an accident, 
and if it ever does occur it cannot be due to chloroform poisoning, though it might be caused by 
fright or Shock. Owing to the numerous accidents that liave happened wdth chloroform, ^to the 
discussions prevalent in the profession, and to the mistaken notion that the risk of heart failure is 
inseparable from its use, the public dread its administration much more than they dread surgical 
operations, and fainting from mere fright in the early stages of inhalation is no less intelligible than 
it is easy to prevent, in cases where it is likely to occur, by a preliminary dose of alcohol. On the 
other hand, it is equally intelligible that syncope may be induced if an operation be commenced in 
the initial stages of chlorofonn administration, before the patient is rendered insensible to shjck by 
being brought fully under its influence. With regard to secondary syncope, “ LanceP^ states 
that it is due to respiratory embaiTassment (through the respiratory centre ?) — ^whiclr^is an indirect 
cause, and, in the same sentence, that it is the result of painlysis of the medullary centres (cir- 
culatory ?) from accumulation of chloroform in the blood, — wdiich is a direct cause.f B 9 th these 
statements cannot be true. The truth is that secondary syncope has no more real existence tSag 
primary syncope. In poisoning by chloroform the heart fails when the respiration ceases, and never 
liefore. With the cessation of respiration, the further accumulation of the drug in the blood neces- 
sarily ceases, and the heart rapidly or gradually stops beating, as a direct fesult of the stoppage of 
respiration, and as an indirect effect of the poisoning with chloroform. ^ 

Lancet ” asserts that the statements made in my address are utterly at variance with the* 
experience alike of experiment and practice as carried out in Europe. They ar«^ nevertlfeless based 

• This sentence should run : — “ AU those who are familiar with deaths from chloroform fa S* L. 

1 1 may have interpreted the writer’s meaning wrongly, but it does not affect the argument. 
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on the principle taught by Syme and Simpson, in Edinburgh, and long before the Hyderabad Com- 
mission was fSrmed, I had satisfied myself that they are entirely true.* 

The Hyderabad Commission was appointed by t^ Nizam’s Grovemment to verify or 'refute the 
opinion that if cliloroform* is properly given it has no injurious or dangerous effect upon the heart. 
The experiments of the Commission were performed publicly and with every precaution against 
' inaccuracy, and the conclusions they arrived at are irresistible. The chloroform was given in* every 
possible way, and in no case did the heart become dangerously affected until after the breathing had 
stopped. This is not, as “ The Lamet ” avers, a scanty statement of experiments performed upon 
jdogs : it is a summary of the results of more than two hundred complete experiments carried out by 
. the Commission, and it tallies exactly with my own experience. If direct heart failure were one of the 
risks of •jhlorofomi, it must have occuiTed in some of the administrations which I have superintended ; 
but I have never seen the heart directly affected by chloroform, nor have I ever seen the inhalation 
carried so far in human beings as to affect it indifcctly. Neither I nor the Hyderabad Commission 
have any desire to inculcate a disregard of the heart as a factor in chloroform dangers, and so to 
provoke a slipshod carelessness in the use of that valuable anaesthetic Our object is the very reverse 
of this, as a consideration of the difference between the position we take upon this point and that of 
those who hold the same views as “ The Lancet ” will show. “ The Lancet ” would trust to the heart 
and circulation for signals of danger in chloroform administration. Our contention is that, if the ad- 
ministration is ever pushed far enough to cause the heart to show signs of danger, the limits of safety 
have already been exceeded, and a fatal result must almost inevitably ensue. So far from disregard- 
ing, the heart as a factor in chloroform dangers, we^say that any affection of the heart, either direct or 
indirect, is the one danger to avoid. But we say further that the respiration invariably gives warnings 
when a dangerous point is approached, and consequently that it is possible to avert all risk to the heart 
by devoting the entire attention to the respiration during chloroform administration, 

• 1 am well aware that these opinions appear to go in the very teeth of the conclusions at which 
the Commission appointed by the Royal Mediciil and Cliinirgical Society and by the British Medical 
Association amved and “ are opposed to the careful and painstaking experiments of such scientific 
observers as Snow, Claude Bernard, and McKendrick,”t as well as to the teaching of the great London 
Schools. But this opposition is more apparent than real. The Lancet ” states authoritatively that 
chloroform syncope is notoriously difficult to produce in dogs. The Hyderabad Commission confirms 
this^Statement, and says it is impossible to produce it at all. This difference may bo fully accounted 
for by the %t that the experiments of the Hyderabad Commission were numerous, while those quoted 
by “ 77*6 Lancet ” were not only not numerous, but many of them were performed under conditions 
which impair their value. Moreover there are certain points connected with the effects of chloroform 
gn^ogs, which a careful perusal of all their reports has convinced me neither the Commissions nor 

* the distinguished physiologists appreciated. In any case I would ask whether anything can be more 
discreditable or unsatisfactory to the whole profession than the present position of chloroform. 
During the last fort^^years, while enormous progress lias been made in every branch of medicine and 
surgery, the position of chloroform has decidedly deteriorated, and the principles necessary for its 
safe administration have been lost sight of« From the date of its first introduction there was a 
divergence of opinion between the Edinburgh and London Schools with regard to the way we should 

* V^e Xecture^eprinted from Indian Hcdioal Gazette for March 1889, Appendix D. 

t Vide page 19 of this Report. ^ 
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be gflided as to its effects. Up to the tinw of hb death Syme taught,* . ** we are gnided'as to tiie effect 
of chloroform not by the circulation, bat entirely by the respiration.” .At the same \ime Erichsen 
wasteaohbig, and still teaches, thatf “when/^yancesthetised the patient requires the most careful 
watching by the person who administers the cMjroform ; his finger should never be off the pulse, nor 
his eyes taken away from the countenance of the patient.” These are the opinions of two of the most 
RminAiit. Surgeons that have ever lived, and they arc absolutely irreconcilable. Erichsen’s opiniou^ 
has<andonbtedly been fortified by the misl^ing conclusions of the Chloroform Commissions, and of 
the B cientific observers above alluded to, but the Hyderabad Commission has proved that Syme was 
right ; and I have no doubt whatever 'thai^ if his principles were acted on universally, all surgeons 
would find, os he did, that chloroform may be used judiciously so as to do good without exposing 
patients to the risk of evil. Chloroform administration constitutes, in my humble opinion, the most 
pressing and important question in the whole range of practiod surgery ; and if “ The Lamet ” will 
not accept the conclusions of the Hyderabad Commjssion, it is incumbent on it to urge the appoint- 
ment, of a European or joint European and American Oommission, composed of mon of wide experience 
in chloroform, to confirm or disprove them. 

Lancet" Jnhj 13, 1889.] 

We have received a telegram from Surgeon-Major Lawric to the effect that His Hi g hne ss the 
Nizam of Hyderabad offers to place the sum of £1,000 from his private purse at our disposal, that 
we may send one or two representatives of “ The Lancet ” to Hyderabad to repeat the experiments 
made by the Hyderabad Chloroform Commission (vide “ The Lancet," Feb. 28rd and March 2nd, 1889) 
and to make any others which we may suggest. We await further details of the offer which, we are 
informed, will be sent by mail. 

[“ Tlte Lamt," S^tember 21, 1889.] 

• The Residency, Hyderabad, IBth Augt(st*lfiS9, 

The Borrons, “ The Lancet ". 

SiEB,— I am directed by His Highness the Nizam’s Government to offer “ The Lancet ", as the 
Iwylin g medical journal, £1,000 to send out a representative to repeat the experiments of the 
Hyderabad Chloroform Commission and make any others with the Commission, that you may 
suggest. e 

2. The Hyderabad Committee performed a series of experiments of a clinical nature on the 
effects of chloroform on dogs in 1888, and their conclusions were embodied in a report which was 
submitted to Government early this year. 

8. The experiments of the Commission tend to prove that chloroform has no direct 
upon the heart, and though it is hardly to be expected that their conclusions will be R/vyiptfed as final 
by the whole of the medical profession, their work may be safely said to constitute an interesting 
to what is already known about chloroform. 

4. The Nizam’s Government has been advised that if the experiments are a nd 

amplified by the Hyderabad Commission, associated with a trained scientist whose pnm'tinn ■ 

• Vide ••Lanoet,” Vol. I., page 66, for 1866. Syme’B original lecture from “ 27u Jaao/rf" in ........... 

is republished in the appendix. 

f Viie fixichsen's Surgery, Vol. I.f page 14. 
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attainimoobg will ensure the aoeegtanoe of his (pinions the profeasion, the eabjeot might be tfaNshed 
oat thorougb]|r, and the qnestion whether chloroform does or does not affect the heart directly, and 
other qnestions connected with it, might be settled once for all. 

5. His Highness’s Govomment therefore ^ircsC* offer £1,000, a cheque for which is forwarded 
herewith, to the Editors of ‘‘ The Lancet" to send a representative to Hyderabad to rc^t and 
. continue the experiments of the Hyderabad Chloroform Commission and make with them any others 
that “ The Lancet ” chooses to suggest. * 

G. If His Highness’s offer is adbepted, the gentleman selected should take a return ticket by 
’P. and 0. via Brindisi for three ihonths, to be extended if necessary, and he will be the guest of 
the Niz^’s Government during his stay in Hydembad. 

7. The Hyderabad Commission undertake to place themselves entirely at his disposal, and will 
act under his direction. The Commission will provide all instruments and appliances and everything 
which may be required for the experiments, and will, without bias, do all in their power to assist the 
representative of “ The Lancet ” in arriving at the truth. 


I have, &c., 

•Ed. LAWBIE, Subgeon-Majob, 

Residency Surgeon 


[“ Lancet," Sqrtemler 21, 1889.] 

• 

On another page we print Surgeon-Major Lawrie’s letter containing details of His Highness the 
Nizana of Hyderabad’s ofiFer to place at the disposal of Lancet,^ as the leading medfeal joumaJ, 
the sum of £1,000 to send out a ixjprescntative to repeat the experiments of the Hyderabad (Jhloro- 
form Commission, and to make any others that we may suggest. This offer we have cheerfully 
accepted. There are many young men of great ability and thorough scientific training who could 
have done this work exceedingly well ; but in accordance with the Nizam’s desire that we should 
select a man who is not only a trained scientist, but one whose position and attainments will ensure 
the aflceptaiice of his opinions by the profession, we have requested Dr. Lauder Bninton, P.E.iS., to 
act as our representative, and he has consented to set out for Hyderabad on October 4.th, which is 
the earliest pfissible opportunity. Dr. Lauder Brunton has not only devoted much time to phar- 
macological work for more than twenty years, his first contribution on the action of nitrite of amyl 
hav^g appealed in our columns in 1867 ; but the fact that his large work on ‘‘ Pharmacology and 
^erapeutics,” which appears also in an American edition, has been translated into French, and is 
naw being translated into German, Italian, and Spanish, shows that he is regarded as an authority 
in other countries as well as our own. It may perhaps be considered as a farther advantage that in 
'this work Dr. Lauder Brunton has very decidedly stated that one of the dangera resulting from 
ohlorofomns death by stoppage of the heart. “ Audi alteram partem ” is the motto of an important 
section of “ Tke Lan^et^'* and we think tliat by getting both opinions regarding the effect of chloro- 
form on tjje heart represented on the Commission, as they will be by Dr.Lauder Brunton and Surgeon- 
Major Lawfie, we ftre more likely to obtain a correct conclusion. The question whether chloroform 
paralyses the heart or not is one of the greatest possible practical importance, for upon its correot 
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solution the lives of thousands of people and the happiness of j/housands of families may depend. 
Boiih in Europe and Amerioa clinical experience and physiological experiments have led) to the con- 
dnsion that it has a paralysing action on the heart, while ether exerts such an action in a very minor 
degree, if at all. In consequence of this ether ^ now largely used ih this country as well ps in America 
for producing anaesthesia in surgical operations, in spite of the greater pleasantness and convenience 
of chloroform. It is almost impossible to believe that the conclusion at which European and Ameri- 
can surgeons and scientists have arrived is, after all, destitute of foundation, and little better than an * 
idle dream. When we find, then, that Dr. Lawrie and the Nizam’s Commission have arrived at an 
entirely opposite conclusion, it is natural that we should hesitate to accept it. A consideration of 
the report of the Commission appears to show that the number of experiments performed was not; 
only large, but the results were so uniform that the conclusion arrived at, viz.^ that chloroform does 
not paralyse the heart, but kills by stopping the respiration, may fairly be taken as correct’' for the 
animals experimented on and for the conditions under which the experiments were performed* But 
if we grant this, we are at once confronted by the next problem : Wliy do the results of the Nizam’s 
Commission-differ from those of European and American investigators ? Is it because the experi- 
ments in India were carried on in a warmer climate ? Or is it because the animals experimented on • 
were peculiarly resistant to the action of chlorofonn ? These questions can only be answered by * 
further experiments, which can hardly fail to be of practical utility, even if they aftord only a partial 
solution of the problem. For Surgeon^ajor Lawrie states in his letter, which appetired in oiu* issue 
of May 11th, that the results of the experiments carried out by the Commission tallied exactly with 
his own experience. In the correspondence which occurred on the subject in The Lancet ” some 
writers agreed with Dr. Jjawrie, while others supported the opposite view. We may perhaps fairly 
call these two views those of the Edinburgh and London schools. In the Scotch capital failure of 
respiration^ is regarded as the chief or only danger, wliile in the metropolis failure of the heart is more 
feared. It is quite possible that the surgeons in both cities are right, and that the habits or mode of 
living of the people may lead to differences in the resisting power of the cardiac or respiratory appa- 
ratus respectively. The proportion of gouty patients is much larger in London than in Edinburgh, 
and wfien we consider that the natives of India appear to resemble the Scotch in their comparative 
immuni ty from cardiac paralysis by cliloroform, it will^be advisable for the Commission to ascertain, if 
posGuble, what the conditions are which enable the heart either in dogs or men to resist the power of 
chloroform or which lead to its stoppage during the administration of the drug. It may not be 
possible to work out completely all the questions which may arise, but if the Hyderabad Commission, 
with the aid of Dr. Lauder Brunton, can settle definitely the question whether chloroform does or does 
not affect the heart directly, a most important practical object will have been attained by^means of the 
Nizam’s generous offer. ^ 

■* 

10. The opinions held by the medical profession in Great Britain may*^ fee 
fairly judged from the above quotations from “ Tha Lamet." There is no dou]pt 
they were and are largely influenced by the experimental results obtained by 
various observers, and more especially by the Committee of the Roya]^Medigo-“ 
Chirurgical Society and of the British Medical Association or Glasgow Com- 
mittee. Both these Committees arrived at the conclusion, from a. very limited ' 
number of experiments, that chloroform lowers the blood-pressuBe, while ether 
does not. The Glasgow Committee went further, and not only stated that 
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chloroform lowers the blood-pressure and paralyses the heart, which ether never 
does, but (£:ew the important conclusion from experiments on one dog only 
that this action is sometimes exerted in an u^xpected and capricious manner. 

11. The state of opinion regarding chloroform in America may be inferred 
from the statements made regarding it in the last edition of fl. C. Wood’s 
“ Therapeutics,” one of the best American works on the subject. He says : “As an 
anaesthetic chloroform possesses the advantages of quickness and pleasantness 
6f operation, smallness of dose, and cheapness. These advantages are, however, 
BO out-balanced by the dangers which attend its use that its employment under 
ordinary circumstances is unjustifiable. It kills without warning so suddenly 
that no forethought or skill can guard against the fatal result. It kills alike 
the robust and the weak, the well and the diseased ; even the previous safe 

, passage through one or more inhalations is no guarantee against its lethal action, 
•. Statistics seem to indicate a mortality of about one in three thousand inhalations, 
and hundreds of utterly unnecessary deaths have been produced by the extra- 
ordinary persistence in its use of a portion of the profession. It ought never to 
be employed except under special circumstances, as when a speedy action is 
desired in puerperal eclampsia or when the more bulky anaesthetics cannot be 
• transported as in the field in war time,” 

12. Those passages from the work of one of the greatest authorities on 
the tfabject in America show that in that continent chloroform is regarded with 
somewhat of the same disfavour with which it is looked upon in England* and 
probably upon the same grounds. Although the experiments of the IlydoraDad 
Commission are much more numerous than those made in any f>rovious investi- 
gation, yet their number is infinitesimal in comparison with the number of times- 
anscsthetics have been given all over the world, and each administration may 
be regardejl as an experiment on the action of die particular anassthetic employed. 
When it is considered that, after so many administrations, or experiments as these 
may be termed, on tho human subject, opinions are so divided in regard to the 
gfltion of chloroform as at present, we cannot think that the conclusions at which 
the Hyderabad Commission have arrived will necessarily carry conviction to 
^those who hold ojjinions opposed to them. The objection may bo made that the 
Hyderabful experiments have been made on the lower animals, and, however 
correct the Commission’s conclusions may be in regard to them, they do not hold 
for man.« To this objection it is a sufficient answer that the fear of chloroform 
paralysing the*heart is based on the results of laboratory experiments, rather 
than on clinical experience. Deaths have occurred during the administration of 

3 
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ether as well as of chloroform, and it is not the desiths during operations, but the 
observations on blood-pressure and on the action of chloroform on the exposed 
or excised heart which have led t(j^the unfounded dread in the profession that it 
may paralyse this organ when given as an anassthetic. 

13. But there is still another difficulty ; — however fair and impartial the* 
Hyderabad Commission may try to be, and even though those who differ from 
them may credit them with care, honesty, and impartiality’ its conclusions will 
always be open to the objection that the Commission may be mistaken, and any 
mistake on its part would be all the more fatal and disastrous, because its con- 
clusions would be very difficult to disprove since they are founded on such a 
mass of experimental evidence as has never been collected before, and is hardly 
likely to be collected again at least for many years. To avoid such a possibility 
the Commission have tried, as far as possible, to give the experiinentaldata from , 
which their conclusions are derived, so that at any future lime and in any part, 
of the world these data will be as available to others as to themselves, and may bo 
used by them either for the purpose of criticising the Commission’s conclusions 
or drawing conclusions of their own. The utility of such a course has been im- 
pressed upon the Commission during the progress of this investigation by the 
example of the Glasgow Committee which they have followed. The Glasgow 
Committee drew from one experiment alone the sweeping conehtsion that 
chloroforpi has sometimes an unexpected and capricious effect on the hgart’s 
action, and that “the occurrence of the sudden and unlooked-for effects seeihs to 
be a'sourcc of serious danger.”® This conclusion is obviously of the utmost im- 
portance in regard to chloroform and, if correct, would justify the condemnation 
of its use by the American author already quoted. If the Glasgow Committee 
had only given their conclusions, it would have been very difficult indeed to 
disprove them; but fortunately they have published a copy of the manometer trac- 
ing on which these conclusions are founded, and an inspection of thfe leads in- 
evitably to the belief that the sudden and unlooked-for effects on the heart’s action 
which the Committee attributed to chloroform are not really due to it at allpbpt 
are due to irritation of the vagi quite apart from the action of the anaesthetic, and 
are the results of accidental asphyxia. The Commission have followed the ex- 
cellent example of the Glasgow Committee and reproduced by photography the* 
tracings on which their opinion is based, so that all those who look at them and 
compare them with the tracings of the Glasgow Committee, which they have also 
reproduced, may judge for themselves and form their own opinions on the subject 


* Vide page 116| Expeximeot No. 148, Obeeryation Q. 
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14. Dr. Lauder Bnmton'and Surgeon-Major Bomford arrived in Hyderabad 
on the 2l8t of October 1889, and the second Commission was constituted at once 
as follows : — 

Surgeon-Major E. Lawrie, M.B., Edinburgh, President. 

Dr. T. Lauder Brunton, F.R.S., j 

Surgeon-Major Gerald Bomford, M.D., London, KMemhers. 

Dr. Rustomji, H. IT, the Nizam’s Medical Service^ ) 

/Secrctany.— Dr. Bomford. 

15. Associated with the second Commission were the President and Mem- 
bers of the first Commission, viz. ; — 


Surgeon P. Hehir, M.D., President. 


Mr. J. A. Kelly, L.R.O.P, & S. (Ed.), L.F.P. & S. (Glas.) 
Mr. A. Charaarette, L.M.S. 


} 


Memhers, 


The Commission is very much indebted to all the gentlemen mentioned, as 
well as to Ml’. William Mayberry, who gave chloroform ; but is especially so to 
Dr. Arthur Chamarette, to whose energy and fertility of resource the success of 
the diporiments is mainly due. The Commission also desires to thank Mr. Tfipp, 
the Deputy Principal of the Medical School, and Mr. Carroll, His Highness 
the Nizam’s Medical Storekeeper, for much valuable assistance ungrudgingly 
afforded. 

16. The Commission commenced work on the 23rd October and met daily, 
except on Sundays and holidays, from 7 a.m. till 5 r.M., until the 18th of Decem- 
ber, when the experiments were concluded. 


•* 17. The Commission was divided into two Committees : one, which 
will be referred to throughout the report as the Committee, was composed 
pf Drs. Lauder ,Brunton, Bomford, Hehir and Chamarette ; the other, 
which will be referred to as the Sub-Committee, was composed of Dr. Rustomji, 
Mr. Kelly, and Dr. Gay (who volunteered to help), assisted by students. 

• 

18. The Committee first of all performed twenty-seven experiments, num- 
bered from 1 to 28, omitting 25,, which was a manometer experiment, to test the 
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work of ihe first Commission. From No. 29 the Committee were employed 
principally with blood-pressure experiments. The ordinary experiments, per- 
fofmed'without recording apparati^%, were then made* over to the Sub-Committee, 
whic^ continued to work in the same room under the supervision of the 
Commission. 


19. The experiments of the Sub-Committee are numbered continuously 
with those of the Committee, so as to form a consecutive series and facilitate 
reference. 


Part II.-GENERAL EXPERIMENTS WITHOUT 
RECORDING APPARATUS. 


20. The experiments of the Sub-Committee, together with the first 28 
performed by the Committee, form a total number of 430, and are divided into 
seven sections. Those experiments are recorded in a tabular form at Appen- 
dix B. 268 dogs and 31 monkeys wore killed outright, and 86 dogs and 39 
monkeys were subjected to artificial respiration at varying intervals after the 
natural respiration had been arrested with chloroform. The animals which were 
killed had chloroform administered to them in every possible way and under 
ever^ conceivable condition. A large number of dogs were killed just as 'they 
were caught in the bazaars ; others at various intervals after having heavy meals 
of meat or fiirinaceous food or fat ; others fasting ; others after the administra- 
tion of Liebig’s extract of meat, coffee, rectified spirits of wine or ammonia. 
Most of these animals were healthy, but some of them had cardiac disease and in 
many the heart and other organs were rendered fatty by the previous adminis- 
tration of phosphorus. In a large number of cases morphine, strychnine and 
atropine, singly and^in combination, were given by subcutaneous injection at in- 
tervals before the inhalation was begun. Chloroform was given witlwapd 
without inhalers in tho vertical and recumbent positions ; in glass ariQ 
wooden boxes ; in large and small doses ; by being pumped into the trachea 
with bellows ; and in fact in every way that could suggest itselfto the Commissioni- 

21. The results in one respect are uniform. In every case where chloro- 
form was pushed the respiration stopped before the heart. The«following 
table shows the interval of time between the cessation of respiration and of the 
heart’s action in dogs and monkeys in uncomplicated cases, and in cases com- 
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plicated by^ asphyxia and 'by the administration of certain drugs subcutaneously^ 
before the chloroform inhalation was commenced 


Intervd of time between storage of res^^ation and sUg^gage of heart, 


The heart stopped beating under 1, 2^ 3| 4) 5, 6, 7, 8, 9,10, 11, 12, minutes after the stoppage 

of the respimaon. 
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. 22. The movement of the heart was in the first 66 cases of the Sub-Oom- 

mittee tested by auscultation, but afterwards by a needle inserted through the 
chest-wall into the organ and the thc^acic cavity was laid open when doubt existed. 

23. In the majority of the uncomplicated cases, which include those fed in 
different ways before inhalation, the heart ceased to act in from two to six . 
minutes after stoppage of the respiration. In one uncomplicated case the heart’s 
action ceased within one minute after the breathing stopped. The heart ceased 
within one minute after the respiration stopped in two cases whore the inhala-s 
tion was very slow and prolonged, in four cases complicated by asphyxia, and in 
one where the subcutaneous injection of morphine gr. | and strychnine gr. Yoff 
was administered beforehand. The maximum time the heart continued to 
beat 'after the respiration ceased, in the experiments of the Sub-Committee, was 
eleven minutes in a dog and twelve in a monkey. 

• 

24. The effects of chloroform do not appear to be interfered with or much . 
influenced by any of the variations in the method of preparation of the animal 
for or of the administration of, the anaesthetic. There are four general excep- 
tions to this statement. In very slow and prolonged administration, and in 
cases complicated with partial as 2 )hyxia, as well as in one ease whore one-third 
of a grain of atropine was administered before the inlialation, the heart stopped 
very soon after the respiration ceased ; and in all cases where the inhalation was 
accompaified by struggling the animals became insensible with unusual rajndity. 
In these cases also the interval between the cessation of respiration and the 
riwft of possible restoration by artificial resphation was shortened. (VYdo 
tables in Appendix B.) 

25. As regards the restorative effects of artificial respiration the Sub-Com- 
mittee found it was nearly always successful if commenced within thirty seconds 
after the respiration ceased, very seldom successful if commenced between thirty 
and sixty seconds after, and always unsuccessful if not begun till after sixty 
seconds. In forty-four cases, in which artificial respiration proved successful, it 
was commenced on an average 28*2 seconds after natural respiration ceaseSf 
In thirty-eight unsuccessful cases the average was 31-5 seconds. 

• • 

26. The Sub-Committee formed the opinion that artificial respiration was 

less su^essful in restoring the respiration after it had been stopped by chloro- 
form in cases where a subcutaneous.iiy ection of morphia was administered before 
the was commenced! There were eighteen cases in which this was tried. 

In tlfe first six artificial respiration was commenced eight seconds after cessation 
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of natural r^espiration. Of those five died. In three cases artificial respiration 
was begun fifteen seconds after the natural respiration ceased, and of these two 
recovered and one died. In three cases in which artificial respiration was com- 
menced twenty seconds after the respiration stopped, two out of the three>died ; 
and, lastly, in six cases where artificial respiration was not commenced till thirty 
seconds afterwards five died and one was revived. The average of those cases 
that were revived was 17 ’6 seconds and of those that died in this series, 26*4 
seconds. This opinion was tested by blood-pressure experiments Nos. 162 and 
178, the results of which did not support their conclusion. 

' Part III.— EXPERIMENTS WITH RECORDING 

APPARATUS. 

27. The experiments carried out by the Committee with self-recording 
apparatus consist of Nos. 25 and 29 to No. 185 inclusive. In a certain number 
* of cases the animal died accidentally before it was ready to be attached to the 

■ manometer, and in others lor various reasons the experiment was not completed ; 
but for the sake of convenience they have all been loft in the order in which they 
occurred, and are described seriatim in the explanatory notes. A full descrip- 
tion of the kymographs, with the aid of which the blood-pressure experiments 
wore carried on, is given in page ; and all these experiments are 
illustrated by jjhotographs of the kymogi-aphic records. A few of these plates 
illustrate experiments in which the movements of the heart only were^recorded 

■ by a»’8imple apparatus, which is also described in Appendix A. In every case 
in which a tracing was obtained it has been without exception preserved, and is 
reproduced in this report by photography. In this way the whole of the work 
of the Committee recorded by the manometer has been rendered available for 
study at any time by any one who is interested in the subject. The photographs 
are 6n a reduced scale, but with the aid of a 2 or 3-inch lens and perusal of the 
oxplanatorjT notes, on the page opposite to them, the reader will have no difficulty 
in deciphering and understanding the remarks recorded on the tracings. The 
explanatory notes which were written partly at the time of, and pai’tly im- 
libJiately after, each experiment, wore made from the remarks which were 
recorded on the manometer during the course of the experiments. It is impossible 
to arrange the maupuieter experiments so as to group together those which appear 
to illustrate particular points, because almost every experiment includes a variety 
of procedures which suggested themselves at the time as likely to elucidate 
something in the action of the different aneesthetics employed. An index is printed 
at the end of thb plates, in which the anaesthetics or drugs given to the different 
animals, the operations performed upon them, the^ctms^i^^j^est taken in them) 
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and the changee of every kind which, occurred in their condition, are referred 
to the number of the experiments in which they took place. 

c 

28. The majority of the experiments were made upon dogs or monkeys, 
and a few upon horses, goats, cats and rabbits. 

, 29. The experiments of the Committee were designed to show the effect 
upon the blood-pressure, heart, and respiration of the inhalation of chloroform, 
ether, and the A. C. E. mixture, administered in various ways and under vary- 
ing conditions. The objects of the Commission were five in number : — 

I. To test the suitability and safety of chloroform as an ana'sthetic. 
The experiments with ether and the A.C.E. mixture were instituted 
principally for the sake of comparison with chloroform on certain 
points, and it is not pretended that they afford a complete exposi- 
tion of the action of those agents on the system. 

n. The effect of pushing the above-named anaesthetics, (o) to a dangerous 
degree, and more especially until the respiration ceases, (b) until 
death results. 

III. The modifications in the effect of these anaesthetics which result firom 

(a) asphyxia in varying degrees and produced by various moans (i) 
from tho use of drugs such as morphine, atropine, physostigmine 
and others. 

/ 

IV. The reality or otherwise of the alleged liability during ordinary 

chloroform administration to the occurrence of primary or secondary 
syncope or stoppage of the heart, brought about either by shock or 
through fatty or weak heart, or by haemorrhage, or by changes in 
the position of the body. To investigate these points, in the first 
place, a large number of operations which are reported to be 
especially dangerous in reference to shock were performed in 
every stage of anaesthesia, and numerous experiments were also 
made to show the effect of direct irritation of the vagus. Secondly, 
a number of animals were dosed with phosphorus before they wdro 
experimented on. This caused weakening of the heart by fatty 
degeneration of its fibres, but at the same time other complicated 
changes in the whole of the organs of the body not met with 
in the condition known as fatty heart in human beings. On the 
other hand, there are conditions often met with in , the fatty 
heart, such as changes of ^e coronary vessels, which were not 
^ produced by the phosphorus. 
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V. The effect of the anaesthetics above mentioned upon different animals, 
*more especially upon monkeys, as the nearest approach to human 
beings. ^ 

30. The conclusions to which the Commission has been broughfby the 
.study of these experiments are the following : — 

(1) Chloroform, when given continuously by any means which ensures 
its free dilution with air causes a gradual fall in the moan blood-pressure,® pro- 
vided the animal’s respiration is not impeded in any way, and it continues to 
breathe (Quietly without struggling or involuntary holding of the breath — as 
almost always happens when the chloroform is sufficiently diluted. As this fall 
continues the animal first becomes insensible, then the respii’ation gradually 
ceases, and, lastly, the heart stops beating. If the chloroform is less diluted the 
fall is more rapid, but is always gradual, so long as the other conditions are 
maintained ; and however concentrated the chloroform may be, it never causes 
sudden death from stoppage of the heart. The gi’eater the degree of dilution the 
loss rapid is the fall, until a degree of dilution is reached, which no longer appre- 
ciably lowers the blood-pressure or produces anmsthesia. 

(2) If the inhalation is interrupted at any stage, the fall of pressure still 
continues at a rate which depends altogether on the rapidity of the fall while 
the chloroform was being inhaled. This after-fall is probably due to Absorption 
of a portion of the residue of chloroform in the air-passages after the stoppage 
of the inhalation. In this way it often happens, if chloroform is given rather 
freely, that though the respiration may be going on when the chloroform is 
discontinued, it afterwards stops. 

* (3) If the administration of the chloroform is stopped at an early stage the 
pressure -^^ry soon begins to rise again, and gradually becomes normal ; but if 
the chloroform is pushed fui'ther, there comes a time, not easy to define, when 
the , blood-pressure and respiration will no longer be restored spontaneously, 
although the heart continues to beat after the inhalation is stopped. 

(4) If the fqjl has been very gradual, it may occasionally happen that the 
respiration stops completely, and still the blood-pressure rises again, the respira- 
tion recommencing spontaneously in the course of the rise. In the same way 

when the inhalation has been discontinued, the respiration may stop during the 

, _ ■ ■ _ ■ 

9 * y\d4 68peciftlly 168, 169 and itO and Ixporimcnt Ko, 186 of March 6th, 1890» 
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after-fall of the blood-pressure and begin again spontaneously. As a rule, if 
the respiration has stopped, or oven becomes slow and feeble at thS time when 
the inhalation is discontinued and artificial respiration is not resorted to, the fall 
in blppd-pressure will continue until death ensues. 

(5) There are two conditions which fi’equently disturb the gradual fall of 
the blood-pressure, viz.^ struggling and holding the breath, and it is only by 
great care that they can be avoided in animals. 

(6) Struggling, independently of any change in the respiratory rhythm, 
appears generally to raise the blood-pressure.** In one case of a dog much 
weakened from phosphorusf the pressure fell every time he struggled. 

'(7) When struggling is accompanied, as it often is, by acceleration of tlie 
respiration and pulse, especially if the respiration is ileep and gasping, it loads, 
to a morcTapid inlialation of chloroform, and consequently to a more rapid lull 
of blood-pressure and a greater after-fall. In order to keej) the chloroform cap of 
inhaler in its place during the animal’s struggles, the administrator is obliged to 
hold it down more tightly over the nose and mouth, and this materially assists 
in hastening the rapidity of the inhalation, and consequently of the full in blood- 
pressure. 

(8) ^ The effect of involuntarily holding the breath, which, as anybody 

can prove by experiment upon himself, must happen when an inhaler saturated . 
witlf chloroform is first applied to the face, is much more remarkable, the j)res- 
sure often falling with great suddenness while the heart’s action is markedly 
slowed.:!; As soon as the animal draws breath again the pressure rises as 
suddenly as it fell, but the gasping respiration which succeeds then causes very 
rapid inhalation of chloroform with immediate insensibility and a rapid fa(il of 
blood-pressure which quickly becomes dangerous. , 

(9) The combination of struggling with alternate holding the breath and 
gasping, which results if chloroform is applied closely to the face without »ufiS- 
cient dilution with air, causes violent fluctuations, , and then a speedy fall of tfie 
blood-pressure, which very soon leads to a dangerous depression with deep 
insensibility and early stoppage of the resjjiration. The after-fall under thes(J 
circumstances is rapid and prolonged. It is this combination of events which 
causes struggling animals to go under chloroform so quickly. 

* Vide Experiment No, 82. • 

{ Do. No. 161. See also Expcriim?nt No. 183. « 

Do. Nob. 103, 110 Fick 2, 157 Fiok 4, and many others. Soe Index under Breath-holding”. 
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(10) The eflfect of hoidiAg the breath may occasionally cause a temporary 
fall of blooS-pressure after the chloroform inhalation has been stopped** or 
even when the animal is quite out of chloroform,! This fall is recovered from 
directly the animal breathes again. 

• (11) Slight continuous asphyxia, such as is produced by pressure on Iho 

neck by straps, a badly fitting muzzle, or hindrance of the chest movements by 
the legs being too tightly bound down, gives rise to exaggerated and irregular 
oscillations of the blood-pressure, and slowing and irregularity of the heart’s 
action. If it leads to, or is accompanied by, deep gasping inspiration, it is apt, 
like anything else which causes this, to increase the intake of chloroform and 
bring about a rapid decline of blood-pressure. 

(12) Complete, or almost complete, asphyxia, as by forcibly closing the 
'nose and moutlij or closing the tracheal tube after tracheotomy ,§ has an effect 
similar to, but more marked than, that produced by holding the breath, and the 
character of the trace corresponds precisely to that produced by irritation of the 
lieripheral end of the cut vagus. The pressure falls extremely rapidly, some- 
times almost to zero, and the heart’s action becomes excessively slow or even 
stops for a few seconds. If the Fick trace of Experiment No. 148 be compared 
with the photographic reproduction of trace A of the Glasgow Committee, it 
will be scon that they are identical, and that the slow action of the heart with 
great fall of pressure, which the Glasgow Committee attributed to some capri- 
cious action of chloroform upon the heart, was undoubtedly duo to asphyxia. 

(13) This effect of asphyxia is the result of stimulation of the vagi. The 
proof of this is (a) that the trace corresponds exactly, as stated above, to that 
prodjicod by direct irritation of the vagus ; (h) division of both vagi entirely 
abolishes it ; H and (c) the administration of atropine which paralyses the vagus 
also abolisBes it.^ 

(14) In trace 158 (Fick 4), which was taken during asphyxia after a full 
djjse of atropine, it will be seen that there is an alternately slow and rapid pulse 
according to the phase of the respiratory movement ; but no continued slowing 
of the heart as in ^jagus irritation. But there was still a distinct fall of pressure 
after the atropine when the breath was held, and it was thought that the slow- 
ing of the pulse above noted in this condition might bo due to the disturbance 

of the heart from tension in the pulmonary vessels in the absence of rospira- 

! — » — 

* Vide Exi^rimcnt No. 157, t Vide Experimen!‘No, 185, t Vtde Experiments 148, 150, 161, 

§ Vide Experiment No. 66. || Vide Experiment No, 160. ^ Vide No, 168, Fick 4. 
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tory moyemeni rather tiian to irritation of the vagi. To test this point Experi- 
ment No. 184 was instituted. Li this experiment the dog’s chest was forcibly 
inflated' with bellows connected by. a tube with the trachea, and the effect of 
this proceeding was to cause a fall of pressure and slowing of the heart exactly 
tile same as in involuntary holding of the breath. The dog was then poisoned 
with atropine, after which inflation of the chest still caused a fall of pressure, 
but without slowing of the heart {vide Fick Nos. 8 and 9). , The fall of pressure 
must be in some degreeb independent of vagus irritation, which however usually 
accompanies it. 

(16) It only remains to be considered whether the slow action or tem- 
porary stoppage of the heart with great fall of pressure produced by vagus 
irritsition is in itself an element of danger in chloroform administration, and if 
it is not, wherein the danger actually' lies. 

(16) • The experiments in which deliberate irritation of the vagi was 
carried on during anaesthesia show unmistakably that irritation of these nerves 
diminishes rather than enhances the danger of anaesthetics. The effect upon 
the heart is never continuous, and as the vagus becomes exhausted, or when 
the irritation is taken off, the blood-pressure rises again, as it does when the 
same result is produced by asphyxia. The slowing of the heart and circulation 
which is produced by irritation of the vagus by any cause, such as holding the 
breath in chloroform administration, retards the absorption and conveyance of 
chlofoform to the nerve centres just as holding the breath, whether voluntary 
or involuntary, prevents chloroform from entering the lungs ; and of itself slow- 
ing or temporary stoppage of the heart in chloroform administration is not 
dangerous. 

(17) To answer the second part of the last question in para. 15 is .easy 
enough, if it is kept in mind that the effect of vagus irritation upon the heart is 
never continuous ; and in chloroform administration as the pressure risQS again 
after the slowing of the heart and temporary fall of pressure produced by any 
form of asphyxia, violent respiratory efforts with bounding heart’s action lead, 
as in the case of struggling, to a rapid and dangerous inhalation of chlorofonn 
and consequent rapid and dangerous decline in blood-pressure. It is, in fact, 
the temporary exhaustion of the vagi after stimulation that is to be feared, §nd 
not the actual stimulation as long as it is continued. 

(18) In accordance with this fact it will be found that in chloroform ad- 
ministration neither holding the breath, even if involuntary, or vagus inhibition 
can be kept up beyond a certain time ; and if the chloroform is not removed from 
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die face, oi^e or bodi of two things may happen ; (1) when the animal breathes 
again it takes deep and gasping inspirations, the lungs become filled with chloro- 
form, and an over-dose is taken in with extreme rapidity ; or (2) when the 
restraining influence of the vagus is taken off the heart, through the irritation 

ceasing or the nerve becoming exhausted, the heart bounds on again, and the cir- 

* 

culation is accelerated in proportion. The blood then becomes quickly saturated 
with chloroform, and an over-dose is at once conveyed^to the nerve centres. The 
theory which has hitherto been accepted is that the danger in chloroform admin- 
istration consists in the slowing or stoppage of the heart by vagus inhibition. 
This is flow shown to be absolutely incorrect. There is no doubt whatever that 
the controlling influence of the vagus on the heart is a safeguard, and that it is 
the exhaustion of the nerve which is dangerous. 

(19) It can be readily understood how a condition in which the pulse is 
rapid and bounding with high blood-pressure leads to more rapid absorption of 
chloroform from the lungs, and a more rapid propulsion of the chloroformed blood 
to the medulla oblongata, and consequently to a more rapid paralysis of the 
respiratory and vaso motor centres and precipitous fall in the blood-pressure 
Such a condition is produced in some cases by ether or by division of both vagi* 
or by a full dose of atropine.f Not only is the poisoned blood carried more 
swiftly to the vital centres in these cases, but added to this there is the fact that 
as the heart is already doing its utmost before the chloroform is given, it is un- 
able to stave off by increased work the fall in pressm’e that-occurs when the, vaso 
motor centre is paralysed. On the other hand, it seems clear from Experiment 
No. 92 that tlie dhect action of chloroform upon the heart’s substance is not the 
cause of the fall of pressure that occurs when it is inhaled. 

,(20) In Experiment No. 92 repeated injections of 20m. of chloroform were 
made into the jugular vein, and its effect was not to paralyse the heart, but to 
produce anagsthesia and a gradual fall of blood-pressure exactly as if the chloro- 
form had been inhaled. In Experiment No. 72, after a considerable amount of 
etJiPr had been injected into the jugular vein, and a bounding condition of pulse 
Hkd been produced, the effect of injecting chloroform into the jugulars was much 
greater, and the fall of blood-pressure much more rapid and dangerous than in 
«the case when chlofoform alone was injected. Granting then the truth of Ringer’s 
conclusions from experiments on the firog’s heart (which have not been repeated 
and confirmed by the Commission) that chloroform has a gradual paralysing 
effect upon the heart’s tissue, we must conclude that such an effect, in the degree 


• ride Nog. 161 and 166. 


t V«fgNo.80. 
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in whicli alone it could occur in the practical inhalation of chloroform, would 
rather be a source of safety than of danger. 

(21) The Committee discussed the advisability of cutting the vagi some 
time previous to experimenting on the blood-pressure with chloroform. The 
efifact of this procedure is to cause continuous rapid action and tendency to • 
exhaustion of the heart, as well as to degeneration of the terminal branches of 
the nerves in the heart if the animal live sufficiently long.* Such experiments 
might bo of some interest theoretically, and also have had a practical bearing' 
upon the condition of the heart in certain cases of chronic alcoholism but tho 
Committee decided not to perform them as it considered tlie end to bo gained did 
not justify the pain they would have inflicted. 

(22) In Experiment No. 178, the case of a dog that had had morphine, 
remarkable slowing and even temporary cessation of tho heart’s acl ion occurred 
again and again at the same moment as the resj)iration stopped,* f>ut the heart 
invariably recovered itself, and began again to Ijeat regularly before any steps 
were taken to restore the animal, and without any respiration occurring. 
We find in this case that it was possible to restore tho animal even after un- 
usually long intervals had been allowed to elaj)se between the cessation of the 
natural, and tho commencement of artificial, respiration. The failure of tho 
heart, if such it can be called, instead of being a danger to the animal, proved 
to be a positive safeguard by preventing the absorption of the residual cMoro- 
form'and its distribution through the system. 

(23) The effect of artificial respiration after the natural respiration has 
ceased, is to cause an alternate rise and fall of small amount in the blood-pressure, 
the trace thus formed upon tho drum being a coarse imitation, altered some- 
what by the shaking of the table, of tho natural respiratory curve. The differ- 
ence consists chiefly in the fact that the artificial rise and fall is more, abrupt 
than in natural breathing, and that the rise always coincides with expiration or 
compression of the chest. After artificial respiration has been continued for.a 
certain time, the blood-pressure begins to rise again, and a little later natural 
respiration retmms. 

, (24) The effect of artificial respiration in restoring an animal after the 

respiration had stopped was always marked. In a few exceptional cases, such 
as No. 159, a phosphorus dog, and No. 142, a horse which had an enormous 

* Vide No. 178, Fick readings 2 and 3, 8, 18, 18, and 28, and compare No. 49, Fick Jtsading 2 and 8, 
and No 60, Fick reading 3, which arc similar cases, but were not so carefully obflcrv’cd. 
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over-dose, aldiough tlie artificial respiration was commenced as soon as possible 
after the breathing was noticed to have stopped, it was not successful. 

(25) Complete stoppage of the respiration always means that an over-dose 
has been administered, and the over-dose may have been so great as to ’fender 
.restoration impossible. It is impossible to say whether, after chloroform 
has been pushed and then discontinued, the respiration will be restored spon- 
taneously or not, and it is never in any case certain that artificial respiration will 
restore the natural respiration and blood-pressure, no matter how soon it is com- 
menced after the respiration stops. A great deal depends upon the amount of the 
after-falf: in some cases, oven aftcjr the respiration has been restored, the pressure 
continues to fall and respiration again ceases, and artificial respiration tlien fails. 
We thus find respiration restored l)y artifieial respiration while chloroform is still 
being absorbed, and this lends to show that artificial respiration does notmerely 

* pump the ebloroform oiit of the blood, but exerts considerable influence in 
exciting the natural respiration. 

(26) The time which elapses before artificial succeeds in restoring natural 
respiration varies very greatly. In one case, l^o. IIG, it was continued for eleven 
minutes before the first natural gasps commenced. This period is undoubtedly 

• prolonged in some cases by a condition of physiological ajDnaui which renders it 

unnecessary for t he animal to breathe. C.onsequently, whenever the pressure rose 
considerably dm’ing artificial respiration it was sto 2 :) 2 )cd, and the animal then 
generally breathed after a foAV seconds. ’ 

(27) The lime which may be allowed to 2 >ass Avith impunity before com- 
mencing artificial resphation also seems to vary considerably. This point w'as not 
2 )articularly attended to in tlie manometer ex 2 )erimenls exee 2 )t in experiments 162 
and 178, which were instituted io test the truth of the 023inion formed by the Sub- 
Cornmitteewthat inor 2 >hino had some slight action in impairing the efficiency 
of artificial res 2 nration. In these cases the commencement of artificial resphation 
was postponed for more than two minutes after resphation ceased, and w’assuc- 
Cj^^iil ; but this is certainly far above the average interval that can bo allowed 
with safety. The success of artificial rcs 2 nration in restoring the blood-pressm’e 
is, in some cases, .very remarkable. In Experiment No. 40 the heart had 
apparently ceased beating* and the dog was believed by every one present to 
be dead and yet recovered with artificial respiration. The success in this 
instance is due to the fact that concentrated chloroform had been pushed for 
two minutes, regardless of the breathing, and the stoppage of the heart was due 


* Vidt ospocially Ko. 40, Fick reading 12. 
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to stimulation of the vagus through asphyxia. The animal was therefore easily 
restored as he was suffering more from asphyxia than from chloroform^poisoning.** 

C 

(28) It corresponds to those cases, which are so often reported, in which 

dangerous failure of the heart is said to have occurred some minutes after the 

administration of chloroform had been discontinued, and which are sometimes 
« 

restored, and sometimes not, by artificial respiration. There is nothing at all 
sudden about the failure of the heart in these cases, but the attention of the 
chloroformist, which has been wandering, is suddenly called to the fact that the 
patient is apparently dead. When the annual was really dead, it was found in 
some cases that artificial respiration still maintained a small amount of mean 
pressure in the manometer. In others the pressure seemed to fall to the zero 
line between each compression of the chest, 

(29) The dangers of too vigorous artificial respiration were illustrated in, 
some of the accidental deaths. In one case the liver was badly ruptured, and in 
another the pleural cavity was full of blood. In three cases. Nos. 80, 92 and 
103, rhythmical movements of the diaphragm were noticed after the heart had 
ceased beating, and after the chest had been opened. It is remarkable that in two 
of these cases the splanchnic nerve had been divided. The third was a case in 
which chloi’oform had been injected into thejugular, and in this case there was a 
synchronous movement of the jaw as well. In all, death and stoppage of the 
heart hjfd occurred gradually, and in No. 103 the heart was still irritable. These 
movements cannot be called resphation, though the last gasp of a dying dnimal, 
that ineffective jerk of the diaphragm, which is such a fatal symptom, is very 
likely in many cases a movement of the same character. Similar movements, 
which were continued much longer, occurred in Experiment No. 104 after the 
thorax was opened, while the heart was still beating. Still more remarkable con- 
vulsions of the muscles of the jaws, ears, and fore-feet occurred in Experiment 
No. 167 in the case of a dog that had been poisoned with nicotine. These move- 
ments continued at regular intervals for more than ten minutes alter death, and 
were sufficiently forcible to jerk the handles of a pressure forceps fixed on the gnd 
of the tongue off the table at each spasm. In a rabbit in Experiment No. 153 the 
auricles of the heart continued to beat rhythmically for three hours after it was 
supposed to be dead from chloroform and its thorax had bebn laid open. Irri- 
tability of the heart after death was noticed in many cases, but seemed to be 
iHost marked in cases where ether had been used. 

* There was a mistake in ^ra. 27 as it originally stood. In the ohserration at Fick 12 chloroform was admin- 
istered for two minutes and not for a few seconds only. The error was caused by confusion in the tedng on account 
of its haying been canied twice round the drum at t^ end of the experiment. 
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(80) Chloroform inject&d.in the heart through the jugular vein did not 
cause clotting of the blood as was the case when ether was injected. 

(31) In the course of the experiments of the Committee various drugp.were 
administered in order to ascertain if they had any effect in modifying the action 
bf chloroform. The result showed that ^one of them had any effect in prevent- 
ing the typical descent of the blood-pressure that occurs when chloroform is 
inhaled. Atropine, when given in a dose sufficient to paralyse the vagi, of 
course prevents the action of those nerves in asphyxia, and by increasing the 
action of the heart it appears to cause a more rapid descent in the blood-pres- 
sure when chloroform is inhaled as has boon already explained. Morphine 
appeared in No. 162 to render the rise in blood-pressure that occurred when the 
chloroform was discontinued slower and less complete, and to bring about a more 
.or loss permanent condition of antesthesia. It may be noted that the animal 
used in this experiment was a monkey, and in other experiments with monkeys, 
when no morphine had been given, it was remarked that the animal, after a few 
inhalations of chloroform, would often lie quite quiet in a state of semi-insensi- 
bility for a long time without further inhalations ; still this condition was much 
more marked in Experiment No. 162 than in any of the others. No action of this 
■ kind was noticed in the dog No. 178, but other experiments (Nos. 90 and 94) 
showed that pariah dogs are very indifferent to the action of morphine, and it is 
probable that the dose of morphine in this case was insufficient to bring ^out the 
condition noted in the monkey. The peculiar behavioiur of the heart in No* 178 
was not the result of the previous administration of morphine, for a similar phe- 
nomenon had occm'r(?d in other cases (49 and 60) in which no morphine had 
been given. Experiments Nos. 162 and 178 prove conclusively that morphine 
has no effect in shortening the period that may bo allowed to elapse between 

the cessation of natural respiration and the commencement of artificial respiration. 

• 

(32) The other drugs used had no effect upon the action of chloroform 
except when their own special action became the leading feature in the case, as 
fo» instance, during the vomiting from apomorphiue (104, Fick 9) or the convul- 
sions produced by nicotine (167). 

• (33) In order to test the alleged danger fi’om shock during chloroform 
administration, the Committee performed a very large number of those operations 
which are reputed to be particularly dangerous in this connection, such as extrac- 
tions of teeth, evulsion of nails, section of the muscles of the eye, snipping of the 
skin of the ahus, &c. In many cases the operation was performed when the 
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was merely stupefied by tbe chloroform and* not fully insensible. In such 
oases a slight variation in the blood-pressure would sometimes occur* such as one 
would expect from the irritation of a sensory nerve or from the struggling that 
ensuedi but in no case in any stage of anaesthesia was there anything even sug- 
gestive of syncope or failure of the heart’s action. In thrusting a needle into the 
heart, there was often a momentary, but well-marked, fall of blood-pressure ; 
but even this was absent in all other injuries. If chloroform really had any 
power to increase the tendency to shock in operations, it is impossible to believe 
that it would not have been manifested to some degree at least in one or other 
of these numerous experiments. The Commission was, however, not content 
with this negative result, and determined to ascei’tain the effect of direct irrita- 
tion of the vagi during continued chloroform administration. The'rosult of such 
experiments (Nos. 65, 117, and othcr8)provcd that inhibition of the heart’s action 
prevented, rather than assisted, the fatal effects of prolonged chloroform inhal-. 
ation. An animal that was put into a condition of extreme danger (from which 
it could only bo restored by means of artificial respiration) by inhalation of 
chloroform for one minute, recovered spontaneously and readily after five minutes 
of chloroform inhalation together with inhibition of the heart by electrical irri- 
tation of the vagus carried on simultaneously. In one of those experiments. No, 
117, chloroform was pushed for seven minutes ; and during continued irritation- 
of the vagus the animals repeatedly came round without artificial respiration. 
The danger really begins when the irritation is discontinued or fails to inhibit 
the heart, and thus enables the chloroform in the lungs to be rapidly absorbed and 
thrown into the system. This danger is certainly increased by deliberately pump- 
ing the chloroform into the lungs, by means of artificial respfration, for animals 
in which this was done, although they showed a tendency to recover when the 
chloroform and irritation of the vagus were discontinued, afterwards died rapidly. 

(34) On another occasion, during Experiment No. 117, the animal was very 
nearly killed by a comparatively short inhalation of chloroform, owin^ to the 
electrodes becoming accidentally short-circuited and failing to keep u^ the 
irritation of the vagus. Something similar occurred in No. 177, the effect* of 
the irritation of the vagus passing off, while the chloroform was still being 
pushed, and thus putting the animal into a condition of extreme and unexpected 
jeopardy. Nothing could be more striking than these near approaches to 
accidental death from failure to irritate the vagus efficiently. 

(36) Other experiments were made to test the truth of the statement that 
chloroform increases the action of electrical stimuli apphod to tlfe vagus, and 
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showed conclusively that it has no such effect. In one instance only* 
the inhibition seemed to bo intensified as the chloroform was commenced and 
diminished when it was discontinued ; but apart firom the fact that the supposed 
effect ceased much too suddenly, a repetition of the experiment on the same and 
other animals showed that there was in reality no such effect. The increased 
inhibition in this instance was duo to the chloroformist compelling the attend- 
ant who was holding the electrodes to change his position and thus making 
him unconsciously apply them more efficiently. When the chloroformist with- 
drew they were restored to their former position. This affords an instance of 
the care Miat has to be taken in making experiments if one is not to be deceived. 

(36) To test the effect of shock due to vaso motor change rather than 
affection of the heart Golte’s experiment on the frog was repeated on three 

^ dogs. In oiKj there was slight lowering of pressure which was not extensive, 
and in the others no effect was produced at all. Other operations which seemed 
likely to produce shock, such as violent blows upon the testicle, W’cre singu- 
larly devoid of effect. Failing to lower the blood-pressure by any of these 
methods recoiu’so was had to section of the splanchnics, but the low condition of 
blood-pressure this produced appeared, like stoppage of the heart from vagus 

. irritation, to be a source of safety rather than of danger during chloroform 
administi’ation. In this connection Experiment No. Ill may be studied. There 
was not much ('xtornal hauuorrhage, but the splanchnics were divided, — a pro- 
ceeding which, as is often said. bleeds the animal into his own vessels. ,The 
pressure was after this extremely low, but chloroform was repeatedly given, 
and various other actions taken, and then chloroform had to be pushed on a 
satm’ated sponge enclosed in a cap for eleven minutes before respiration ceased. 

(37) The experiments on dogs that had been dosed with phosphorus for a 
few days previously show that the fatty and consequently feeble condition of 
the heart and otlior organs so produped has no effect in modifying the action of 
chloroform. The ease with which vagnis irritation and the Glasgow trace could 
b^ produced in these animals, by even slight degrees of asphyxia {vide 148), 
was very remarkable, but this was equally the case in dogs that had been given 
|)hosphoruB only a/ew hours before the experiment and whose organs were not 
yet fatty (vide 156). Many of these cases were in the last stage of phosphorus 
poisoning, and several of then’ companions died without any experiment having 
been performed on them before or on the same day as they did {vide the low 


* rm No. 117 Ficlc leadiag 6. 
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state of blood-pressure in No. 163). Numerous attempts were made in these 
animals to produce shock by. operations in the recumbent and vertical posi- 
tions, but without any more result than in those that were healthy. 

(38) The truth about the fiitty heart appears to bo that chloroform joey 6e 
in ;io way endangers such a heart, but, on the contrary, by lowering the blood-, 
pressure, lessens the work that the heai’t has to perform, which is a positive 
advantage. But the mere inhalation of chloroform is only a part of the process 
of the administration in practice. A patient with an extremely fatty heart may 
die from the mere exertion of getting upon the operating table, just as he may 
die in mounting the stops in front of his own hall door, or from fright at the 
mere idea of having chloroform or of undergoing an operation, or during his 
involuntary struggles. Such patients must inevitably die occasionally during 
chloroform administration, and would do so even were attar-of-roses or any 
other harmless vapour substituted for chloroform. 

(39) The effect of haemorrhage was tested by opening the femoral artery 
and allowing a considerable quantity of blood (8 to 12 ox.) to escape. An 
immediate lowering of the blood-pressure results, and this is very slowly re- 
covered from. Such an accident, however dangerous it may be in itself, in no 
way affects the action of chloroform, except in so far that a patient who has ’ 
been nearly bled to death would require less chloroform in his system to put 
him into a state of ancesthesia. The low condition of his blood-pressure produc- 
ed by the hajmorrhago would tend to prevent the too rapid intake of chloro- 
form, exactly as in the case of cutting the splanchnics. (Vide supra sub. para. 36.) 

(40) When the hind feet arc lowered on to the floor, so as to place the 
animal in the vertical position, a considerable fall of blood-pressuro in the 
carotid artery occurs ; but when the animal is replaced on the table in the 
recumbent position the pressure is fully restored. Various oporatioifs wore per- 
formed on animals in the vertical position, but in no case was anything re- ,, 
sembling dangerous shock produced. Inversion of the body, so that the aninjal 
stands on its head, has exactly the opposite effect, — the pressure rising in the 
carotid artery and again falling to its former state, when the animal is replaced 
in the horizontal iiesition. Inversion of the body failed t(f restore an animal 
that was in the last stage of chloroform poisoning,** though it raised the pressure 
in the usual way as long as it was continued. The change in the pressure of 


* Vide 106 . 



29 


the blood of the carotid, which occurs when the position of the body is changed 
appears therefore to be due simply to the effect of gravity. 

« 

(41) As regards the effect of chloroform upon different animals, it may be 
said to be the same as far as its anaesthetic action is concerned. There are cer- 
tain peculiarities in its effect on the respiration and circulation connected withits 
local irritant action on the nostrils and fauces which are interesting to notice. 
Thus, when concenti'ated chloroform vapour is applied to the nostrils of rabbits 
they hold their breath and the heart’s action is slowed at once. This is always 
said to be^due to reflex inhibition of the heart from irritation of the nasal branches 
of the trigeminus reflected through the vagus, and is by no means peculiar to 
chloroform, but is produced equally by any hritant vapour, such as ammonia 
or acetic acid. 

■ (42) In some dogs, and especially in those to which phosphorus had been 

given, stoppage of the resphation and slowing of the heart occurred immediately 
after the application of the chloroform to the face, or on forcibly pulling out the 
tongue,*’ and this suggests that the mechanism of cardiac arrest in them is pre- 
cisely the same as it is in the rabbit. On the other hand, in rabbits, as in all other 
animals, it is possible to give chloroform so gently that no spasm of the chest 
occurs, no reflex effect is jiroduccd, and then the pressiu’c falls in the same 
regular curve and with the same succession of phenomena (anajsthesia, cessation 
of the respiration, and, lastly, cessation of the heart-beat) that was above des- 
cribed as typical of chloroform inhalation, f ” 

(43) Goats have a great tendency to hold their breath while inhaling 
chloroform, and monkeys resemble dogs rather than rabbits, as when ammonia 
was held before a monkey’s (No. 98) nose it did not cause immediate stoppage 
of the respiration and heart as it does in rabbits. 

(44) The experiments with ether show that it is impossible to produce 
efficient anmsthesia with this agent, unless some form of inhaler is used which 
tberoughly excludes tho air. If an ordinary cap containing a sponge saturated 
with ether is applied very closely to tho face, the animal generally holds its breath 
^nd struggles, anci we at once get the fall of blood-prossure and slowing of the 
hettrt that invariably occurs under these circumstances. J If the ether is continued 
m this way after the animal has recommenced breathing,' a condition of semi- 
auGesihesia results, in which the cornea is sometimes sensitive and sometimes in- 


* nSe 186. 


t Vide end of No. 172. 


% Vide 148 and 2C1« 
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Bensitive, and the pressure rises and falls alternately ttf a slight amount and forms 
a wavy trace, which may be continued right round the drum* without any parti- 
cular change. As soon as air is rigidly excluded the pressure commences to fall 
gradually exactly in the same way as with chloroform, and with the same succes- 
sion of phenomena, viz., first anaesthesia, then cessation of the respiration, 
thfin of the heart movements, and, finally, death* How far this is duo to 
ether and how far to the results of asphyxia it is impossible to say, but an exactly 
similar succession of events can bo brought about by making the animal inhale 
carbonic acid gas alone {vide 160). 

f 

(45) If surgeons choose to be content with a condition of semi-aneesthesia, 
it can no doubt be produced with perfect safety, though with discomfort to the 
patient, by ether held rather closely ov^'cr the mouth. Such a condition of imper- 
fect aumsthesia would never be accepted by any siu’geon accustomed to operate, 
under chloroform. If more perfect ameslhesia is required, it can be procured 
by excluding the air more rigidly ; but then thei’o is exactly the same danger as 
in giving chloroform. How very suddenly and rapidly the pressure may fall 
and death ensue is well shown by Experiment No. 33. Ether injected into the 
jugular vein produces a fall of blood-j>ressure and anmsthesia in the same way 
as chloroform does {vide 93) ; but in all cases in which it was so injected, large • 
clots were found in the heart immediately alter death. It is interesting to 
note thafClaude Bernard seems to have formed a very similar opinion with regard 
to ether as the following quotations from his w'ork entitled “ Legoiis sur les'Anes- 
th^siques et sur L’Asphyxie,” published in 1875 show. The first quotation 
(page 50) is as follows : — “ Aussi un certain nombre do chirurgiens proposb- 
rent-ils d’abandonner ie chloroforme pour revenh k Tether, dont I’lisage i)ara- 
issait moins k craindre. Aujourd’hui encore, les chirurgiens de Lyons emplo- 
ient pr<Sf6rablement Tether. On croyait lo chloroforme plus dangereux quo 
rather parce qu’il 6tait plus actif ; mais, en r6alit7*, la frequence itjlativo des 
accidents par le chloroforme tenait pcut-(*ti’e tout simplemcnt k ce que cY'tait cet 
agent anesthdsique qu’on employait dans Timmenso majority des cas. Plusipurs 
discussions ont 6t4 provoqu^es par les partisans do Tether, surtout par les ft- 
pr^sentants do I’ecole de Lyons, et il a <5te constat(i que Tether, lui aussi, 
avait produit un certain nombre d’accidonts mortels. • Les deux agents 
anesth^siques usitds peuvent done. Tun comme I’autre, entrainer quolquss 
risques de mort, et la chirurgio humaino k conserve presquo partout le 
chloroforme, dont Taction est plus rapide et plus complete.” The second 


• Vide U6. 
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quotation, to be found on page 101 of the same work, runs “ Quant k 
rather et au chloroforme, leur action est ^ peu prfes la m6me au point de vue 
physiologiquo, sauf une difference d’intensit6 en faveur due chloroforme, ce qui 
nous fora gdn^ralemcnt employer co dernier corps de pr^foronco ^ I’^the?..” 

(46) The A. C. E. mixture given gently with plenty of air and the other 
conditions mentioned before under chloroform produces the typical chloroform 
trace.* Given freely to a struggling animal, it can produce a very rapid and 
dangerous fall of blood-pressm’o.f In Experiment No. 52, Fick 4 shows very 
perfoctly^the effect on the heart of holding the breath. 

Part IV.— ACCIDENTAL DEATHS. 

31. The notes of the cases of accidental deaths that occurred during our 
experiments have been left amongst the other notes in the j)Osition in which each 
occurrence took place, and they can bo readily found by a reference to the 
index. The fatal resxilt was brought about either by neglecting to watch the 
condition of the respiration daring or after the administration of chloroform, 
especially while the carotid art ery was being exposed, or from a reckless admin- 
istration of chloroform in the endeavour to check or prevent struggles. In 
all the cases of accidental d(\ath the usual chloroformist was absent, arid no one 
was attending to the chloroform. The not('S would have been more complete 
if some one could have watched the condition of the animal and noted the gradual 
but unheeded cessation of respiration without calling attention to it. As it is, one 
has to bo content with the remark that the breathing was noticed to have stopped 
at some particular time, but there is nothing to tlu'ow any light ui^on the condition 
during the important period that immediately preceded this discovery. A similar 
hiatus appSars in the account of accidental deaths in the human subject, and is 
unavoidable. These oases are probably identical with the instances referred to by 
Spojv, “ in which animals died in a sudden and what was thought unaccountable 
rifenner whilst chloroform was given to prevent the. pain and struggles which 
would be occasioned by physiological experiments.” J The death was not really 
sudden, but only rapid, and the result of reckless administration of concentrated 
vapour in the first instance, and careless neglect of Uie condition of the respiration 
in the second. There is no evidence whatever that a single one of them was due 


* Vide Etperiment No. 45. 


t Vi<h‘ Nos, 47 ami 52. 


X Vide Suow on AnseethoticB, page 123, 
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toj^ntyBiB or sodden stoppage of the heart, as SnOw assumes to^have been 
the case. 


It must be remembered, in studying the tracings, that, except when it 
is expressly stated to the contrary, chloroform was throughout administered very 
freely.** The degree and rapidity of the fall of blood-pressure is in almost all 
cases much greater than should be the case in administering chloroform to human 
beings. To avoid complicating the notes the inhaler was kept on much more 
persistently, with none of those little interruptions while the cornea is being 
examined, &c., which always occur in practice. The whole series, .with few 
exceptions, may be characterized as examples of reckless administration of chloro- 
form, and accidental deaths would have been much more numerous had it not 
been that, when once the animal was connected with the manometer, it was kept 
under the most careful observation. Experiment No. 79 affords a most inter-, 
esting exception. The chloroformist, though j^resent in body was absent in 
mind, and failed to observe and report the cessation of the respiration. The 
chloroform was in consequence pushed much further than it should have been, 
and the animal died sooner than was intended. 

33. These cases are of themselves quite sufficient to show that animals are 
just as liable,to death from the careless administration of chloroform as human 
beings ; and the accidental deaths which occurred during the experiments of the 
Commission afford the best possible proof that the effects of chloroform are identical 
in the lower animals and in the human subject. The statement so frequently 
made that dogs are more resistant to chloroform than human beings is entirely 
incorrect. 


— ■ ■ — - — ■ . I ■ ■ I — . c , .1 „ - IP I 

• It may be noted that one hundred and nine pints of chloroform az^ eleven pints of etherowere used during 
the experiments of the Oommission. 



Part V.— DESCRIPTION OF MANOMETER EXPERIMENTS. 

In these experiments the left carotid artery was connected with two mano- 
meters by means of a Y tube — ^the Ludwig or slow manometer, the tracing of 
which runs from loft to right, and the Fick or rapid manometer, the tracing of 
which runs from right to left. The connection of the artery with the Ludwig 
manometer was continuous, except at short intervals, shown in the Ludwig 
tracing by a horizontal line with a ^gure above it. In these short intervals 
the Ludwig connection was shut off, and a tracing was taken on the Fick. 
For example, in Experiment 148 at 3h. 32m. Os. the Ludwig was tm’ned off ; 
•this is shown by a horizontal line with the figm*e 4 above it. The figure 4 in 
Fick tracing I. shows the tracing taken on the Fick, during the interval marked 
4 in the Ludwig at 3h. 32m. Os. ; and so on. As a rule, the Ludwig manometer 
was cut off by turning the tap while taking a reading with the Fick manometer ; 
but as the drum was allowed to run, each Fick reading is represented by a 
straight line on the Ludwig tracing. 

October 25th. — No. 25. 

Full-sized strong pariah. Into the box with chloroform freely on blotting 
paper in order to quiet him at 2h. 25m. lOs. Taken out of the box at 2h. 36m. 
and fastened upon the dog-board, cliloroform being given from time to time on 
Junker’s inhaler to keep him quiet. Connection between carotid artery and 
manometer effected at 2h. 57ni. Five tracings with the Ludwig or mercurial 
manometer* made showing the effects on the blood-pressure of the following 

proceedings noted 7 

» 

(a) Ordinai’y chloroform inhalation. 

“ (b) Pushing chloroform until respiration ceased. 

(c) Artificial respiration until natural breathing was restored. 

(d) Evulsion of three toe-nails. 

(e) Ligature of mucous membrane of the anus. 

(/) Snipping off two portions of anal skin. 

(g) Free opening of the abdomen and complete ligature of intestine. 

(h) Continued administration of chloroform until death. 

* - -- 

* The Fick elastic spring manometer was not connected in this escpeiiment. 
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Respiration ceased at 41i. 30m. 50s., after wfticli the pulse, continued 
feebly, but owing to clotting has not boon recorded on the tracing. Death 
after a few minutes, but not exactly recorded. 

• c 

. October 26th. — No. 29. 

Large cream-coloured dog chloroformed in the box p,t 2h. 15m. Taken 
out of the box and put on the dog-board at 2h. 39m. 40s., and kept under 
chloroform in the ordinary way with Junker’s inhaler. Canula inserted into 
carotid artery at 2h. 51m., and connection made with both the Ltfdwig and 
Pick manometers through a T tubc^ at 2h..58m. Trace No. 1. Ludwig shows 
the effect of evulsion of the toe-nails. Trace No. IT. Ludwig the effect of snip- 
ping the anus, the administration of large doses of chloroform, and of killing 
the dog with chloroform. A clot formed in the canula at 3h. 15ni. 558, shortly* 
before the dog died. Four readings wore taken with the Pick manometer — 
1 and 2 while the dog was quietly under chloroform, and 3 and 4 during the 
operation of snipping the anus. 


October 26th. — No. 30. 

Fulhsized healthy pariah. Into chlorolbrm box at 3h. 39ra. Taken out 
of the box and put on the table at 3h. 4m. 50s. and kept under chloroform in 
the usual way. Dog fully under at 3h, 50m. 408., and tying ol' the carotid artery 
commenced. Canula inserted at 3h. 58m. SOs., and connection made with the 
manometers at 4h. 3 m. 

Tracing I, Ludwig shows effect of a large dose of chloroform ; but it was 
soon turned off, and the observations until the death of the animal recorded on 
the Tick tracing I. 


October 28th. — No. 31. • 

Temperature of the room 18' 5 to 20*5 Cent. Full-sized pariah which had 
a daily dose of phosphorus (about a quarter of a pot of James’ phosphqrifs 
paste) for the previous three days, and was, in consequence, very weak and 
thin. Chloroformed in a box at 7h. 35m. Fell down at 7h. 41m. 50s. Placed 
on dog-board at 7h. 45m. and kept quietly under chloroform. Carotid tied 

— — f ' ' ' ■ ' - ■ 

* For a full dcBcription of the arrangement of the manomotcrsi vide Appendix^ 
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and canula inserted at*71i: 55m. 30s. Connection witJi manometers made at 
8h. Im., at which time the cornea was still sensitive, and the animal breathing 
quietly, but very slowly, about 8 times per minute. Two tracings Ludwig, one 
Fick. Trace I. Ludwig shows effect of (a) evulsion of the nails, (&) snipping 
of the anus, (c) extraction of teeth, and includes four Fick readings. Trace 
II. Ludwig (commencing at 8h, 32m. 34 b.) shows effect of (d) change to the 
vertical position, and while in that position (e) extraction of teeth, and (/) 
administration of chloroforxn until death. Post-mortem — Heart flabby, but other- 
wise normal ; hmfffi — lower and middle lobes, right side, consolidated ; liver — 
drier than in other animals, mottled, buff-colour; h’dneija — congested, pyramidal 
portion of a ycdlowish colour ; distended with dark fluid, not appa- 

rently inflamed. 

Observations. 

II. M. • s. 

A. 8 3 50. — Evulsion of nail. 

B. 8 8 20. — Anus snipped. 

C. 8 15 0. — Evulsion of nail. 

P. 8 23 25. — Extraction of tooth. 

E. 8 33 0. — Change to vertical position. 

F. 8 38 0. — Tooth extracted. 

C. 8 41 50. — Artery cut, pressure fell to zero. 

In Experiment 31 all attempts to produce shock under chloroform in any 
stage of the administration lailed. • 

October 28th. — No. 32. 

Largo black dog, well nourished and believed to be healthy. Into chloro- 
form box at lOh. 46ni. 15s, Struggling violently at lOh. 52m. 30s. Breathing 
stopped and artificial resphatiou resorted to until lOh. 54m., when he began 
again f)reathe spontaneously and was placed on the dog-board. More 
chloroform in cap at llh. Im. 30s. Dog struggling. Chloroform stopped at 
llh. 2m. 30s. Stertorous breathing. Carotid ligatured at llh. 7m. 30s. 
(!!anula inserted llh. 10m. 35s. Trace No. I. commenced at llh. 12m. 20s. 
Dog struggling. Drum changed and trace No. 11. commenced at llh. 37m. 15s. 
Canula taken out at llh. 52m. ISs. Dog not quite dead, heart pulsating, 
chloroform stopped, and an attempt made to reintroduce canula, but dog dead. 
Two Ludwig and one Fick tracing. Trace T. Ludwig shows effect of (a) ad- 
ministration of chloroform, (5) artificial respiration, (c) evulsion of nails, (d) 
placing the ftnimal in the vortical position and includes Fick readings Nos. 1 to 6, 
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Trace II. Ludwig shows effect of (e) continued administration of ^ chloroform 
with at the same time (/) hemorrhage from the femoral artery, and includes 
Fick readings Nos. 7 to 9. 

Observations. 


H. M. s. 

A. 11 12 20. — Chloroform pushed to stoppage of respiration and re- 

covery with artificial respiration. 

B. 11 18 0. — Chloroform again ; and evulsion of nails atllh.21m.0s,, 

llh. 21m. 40 b., llh. 22m. Os, and Hh. 22m. 30s. 
without any effect. 

C. 11 23 40. — Chloroform in vertical position. 

D. 11 25 0 and llh. 25m. 40s. evulsion of naUs. 


E. 11 40 0. — Chloroform : dming this administration the femoral 
artery was opened and the effects of bleeding ob-. 
served. The experiment ended at llh. 52m. 15s. 


October 28th. — No. 33. 


Strong, full-sized dog. Put under chloroform at 2h. 48m. 308. Dog 
removed from the box -and put on the table at 2h. 56m., and kept quiet with 
chloroform on the cap from time to time. Carotid tied at 3h. Im. 30s. Arti- 
ficial respiration at 3h, 3m. 15$. Breathing naturally again at 3h. 4m. 30s. 
Canula inserted at 3h. 7m. 30s. Still having chloroform from time to time. 
Connection made with the manometer at 3h. 8m, 30s. The Ludwig tracing 
shows the eflect of (a) ordinary chloroform inhalation, {h) pressure on the abdo- 
men, (c) inversion of the body, (d) administration of ether until death resulted. 
Post-mortem— Vegetations on pulmonary valves, one of the valves being 
adherent to the wall of venfricle. The Fick tracing has seven readings in it, 
which are fully explained on the tracing. Fick 7, taken when ether was pushed, 
shows exactly the same slowing of the pulse when the respiration has stopped 
as occurs with chloroform. 


Experiment 33 shows the condition of semi-anmsthesia produced by ether 
held rather closely over the mouth. If more perfect anaRsthesia is requirecHt 
can be procured by more rigid exclusion of air; but then there is exactly the 
same danger as in giving chloroform. How very rapidly^ the pressure may 
fall and death ensue from ether is shown when the anaesthetic was pushed 
and air excluded at the end of the experiment. 


October 28th. — No. 34. 


Full-sized, fairly-nourished pariah dog. Chloroform in bbx dh. 62m. Ifis. 
Removed from the box and pul on the table and kept under chloroform in the 
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Tisual way.^ Artery tied at 4h. 8m. 458, Ganiila inserted at 41i. 9m. 458. Con- 
nection made with the manometers at 4h. 11m. 30s. Trace I. Ludwig shows 
effects of ether and chloroform alternately, and finally death from chloroform, 
^nd includes 12 Fick readings. Trace I. Fick gives the whole of the 12 Fick 
readings in four revolutions of the drum. 


October 29th. — No. 35. 

Full'Sized healthy pariah. Put into the chloroform box at 8h. 18m. 30s. 
Fallen down at 8h. 22m. 40s. Placed on the dog-board at 8h. 24m. 18s. and 
kept quiet with chloroform from time to time. Dog was found to be whining 
even when the cornea was insensitive and breathing stertorous, although 
. chloroform had not been given for some minutes. Carotid ligatured at 8h. 
40m. 30s. No. I. Ludwig shows effects of application of bicarbonate of soda 
to the vagus ; electrical stimulation of the vagus and of chloroform adminis- 
tration ; and includes five Fick readings. Tracing No. 11. shows the effect of 
applying an ammonia bottle to the nose and of giving chloroform until 
death, and includes Fick readings Nos. 6 to 9. Tracing No. III. Ludwig is not 
preserved, but a partial tracing (HI. Fick) reading No. 10 is included in 
the Fick tracing of dog No. 36. 

October 29th. — ^No. 36. 

\ Temperature of the room 25 Cent. Full-sized pariah rather. thin. Into 
^^hloroform box lOh. 45m. 308. Taken out of box and placed on the dog-board 
fi9h. 56m. ISs. and given chloroform on a cap from time to time. Struggling and 
c^ing, although cornea nearly insensitive. Carotid ligatured at llh. 4m. 5s. 
C^uila 'inserted at llh. 10m. 50s., and connection with manometers made 
at llh. 26m. 20s. Canula accidentally slipped out of the artery at llh. 40m. 30s. 
Qfig‘kept quiet under chloroform and connection again made at llh. 50m. 308. 
Two Ludwig and two Fick tracings during (a) application of carbonate of soda 
to the entire vagu8«nerve ; (i) administration of chloroform ; (c) electrical irri- 
tation of the right vagus ; (d) ligature and division of both vagi ; (e) irritation 
of the peripheral ends of the two vagi separately ; (/) irritation of the peri- 
pheral end of left vagus when the animal was deeply under chloroform ; 
{g) irritation of* the central ends of the two vagi separately ; and, finally, 
(A) administration of chloroform continuously until death. 
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October 29tb. — No. 37." * 

Tethperature of room 26 Cent. . Full-grown common monkey. Given 
cbloroform on a cap while in the cage. Placed on the table 3h. 2m. 30s. and 
kept quiet under chloroform as before until connection made witli the mano- 
meter at 3h. 59m. 50s. Two Ludwig and one Pick tracings. Trace I. Ludwig 
shows effect of (a) ordinary chloroform administration, (i) evulsion of toe-nail, (c) 
irritation of the entire vagus, and includes five Fick readings. Trace II. shows 
effects of (d) administration of other, but is much interrupted by accidents to 
the apparatus. It includes Fick readings 5 to 8. Manometer given up on 
account of clots at 4h. 53m. Cornea sensitive at 4h. 54m. 15s. Chloroform 
given at 4h. 54m. 30s. Pulse pcn'ceptible but breathing puredy laryngeal at 4h. 
57m. 45s. No pulse at 4h. 59m. Heart inaudible at 5h., but a thin stick 
on a needle thrust into the heart continued to vibrate regularly till 5h. Im. 

October 30th. — No. 38. 

Temperature of the room 25 Cent. F ull-sized pariah dog. Chloroformed 
in the box at 7h. 4in. Placed on the table at 7h. 51m. 40s. and kept quiet with 
chloroform. Jugular v-cin ligatured. Connection made with manometers at • 
8h. 45m. 10s. Manometer stopped at 9h. 45m. Dog killed with chloroform. 
Respu’ation stopped 9h. 26m, 30s. Pulse stopped 9h. 29m. Heart stopped 
9h. 30m. 40s, One Ludwig and one Fick ti-acing during («) orilinary chloro- 
form administration ; (i) irritation of lc*ft vagus with the secondary coil dis- 
tant fi’om the primary 15 centimeters. The Fick tracing consists of three 
readings 

1. A failure. 

2. Irritation of left vagus, coils 15 cent, distant. 

3. Irritation of loft vagus, coils 10 cent, apart. 

This last reading -was, however, interrupted by clotting. 

October 30th. — No. 39. , 

Large fairly-nourished pariah. Chloroformed and placed upon the table at 
lOh. 14m. Jugular vein tied and canula inserted into carotid. Connection made 
with manometer at lOh. 53m. Animal eventually killed vfith ether. Two 
■ Ludwig and two Fick tracings. Trace I. Ludwig shows the effeJls of (a) irri- 
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tation of the left vagus with the coils 10 cent, apart ; (b) injection of physos- 
tigmine into the jugular vein ; (c) lifting the vagus from its bed ; and includes 
6 Fick readings, which show the effect of (d) irritation of the entire left vagus ; 
(e) application of saturated solution of carbonate of soda to the vagus. .Trace 
IT. Ludwig shows effect of (/) ligatiu’e of loft vagus ; and {g) inhalation of 
chloroform with rapid but temporary falls of pressure that frequently occur 
when animals hold their breath at the commencement of the administration, 
bt includes Fick readings 7 to 10, which show the effect of (/<) pinching the 
vagus with forceps; (/) irritation of the peripheral end of the vagus; {j) 
evulsion df the toe-nails ; (Z;) gradual death from ether. 

October 30th. — Ko. 40. 

Temperature of the room 261 Cent. Full-siizod pariah dog. the same that 
had been used in Experiments Nos. 25, 26, and 27, in wdiich experiments he 
liad showm a remarkable power of recovering after chloroform had been pushed 
until he was to all appeai*ances dead. Chloroformed .in box at Ih. 59m. 42 b. 
Lying dowm at 2h. 5m. and placed on the table at 2h. 5ra. 25 b., being quite 
under and wdth its cornea insensitive. Chlorolbrm given I’rom time to time. 
Artery ligatured at 2h. 25m. 15s. Artificial respiration at 2h. 36m., but breath- 
ing spontaneously again at 2h. 38m. 40s. Connection made with manometer 
at 2h. 45m. 40s. Artificial respij'ation Avas again employed at 2h. 55ni. 30s. 
during an iiitorruption in the tracing, but breathing became natural agaiij at 
2h. 56m. Drum changed at 3h. 18m. 30s., and during interruption sciatic 
nerve exposed. Drum changed again at 3h. 53m. 20s. Three Ludwig trac- 
ings and three Fick. Aninud just coming out of chlorolbrm. 

, ir. M. s. 

• A. 2 45 40. — Inversion of the body, vide Fick 3. 

11. 2 59 30.— Do. do. 

C. 3 5 0. — ^Irritation of left vagus (entire) with coils distant 15 

cent. It is doubtful if the irritation was efficient. 

D. 3 T 0. — ^Irritation of the vagus after administration of 

physostigmine. 

E. 3 9 30. — Evulsion of toe-nail. 

■ F. 3 • 29 0, — ^Irritation of the exposed sciatic nerve with gradually 

* increased strength of current ; coil 15, 10, 6, and 0. 
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H llifa B* 

G. 4 11 0. — Irritation of left vagus, coil 15 after another dose 

(l-60th of a grain) of physostigmine. 

• ( Irritation of sciatic nerve again, coil 15. 

H. 4 21 0. — < Irritation of sciatic under increasing coil 15, 10 

5 and 0. 

I. 4 21 50. — Chloroform administered for seconds. 

J. 4 25 0. — Chloroform pushed. The respiration stopped alt 

4h. 27m. 15s. After this there were occasional 
gasps, and at 4h. 29m. 30s. the needle in the heart 
stopped moving. Artificial respiration was com- 
' menced at 4h. 30m. 10s. The animal quickly 

recovered and breathed naturally at 4h. 31m. 15s.. 

K. 4 37 0, — Ether administered. Respiration again ceased tem- 

porarily. 

L. 4 42 0. — Chloroform pushed again till death, 

Experiment No. 40 was frequently interrupted by clots forming in tho 
tubes. Tho experiment shows how very remarkable the success of artificial, 
respiration is in some apparently hopeless cases in restoring the circulation.. 
During rick 12 the heart had ceased beating after tho administration for two 
minutes of concentrated chloroform vapour. Every body thought the dog 
was dead, but he was easily restored by artificial respiration. Before the 
observation at Fick reading 12, the animal had been kept under chloroform 
off and on for two hours and a-half ; and for tho two minutes immediately 
preceding the stoppage of the heart it had been pushed regardless of the 
breathing. The explanation of the easy restoration of the animal by artificial 
respiration is that ho was suffering more from the effect of asphyxih thp from 
the effect of chloroform. 

f 

October Slst. — No. 41. 

Temperature of the room 24 Cent. Full-sized healthy pariah with a ^ound 
on the buttock. Placed in the chloroform box at 9h. 48m. Fell down 9h. 52m. 
30s. Taken out of box and placed on the table at 9h. 56m. Cornea insensible 
0h. 57m. Connection made with manometer at lOh. 21m.* Three ‘Ludwig 
and one Fick tracings* 
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Trace I. Ludwig shows effect of — 

H. M. s. 

A. 10 22 0. — ^Inhalation of chloroform with Junker, squeezed 

40 times a minute, at the commencement of which 
there was a striking but temporary fall of pres- 
sure such as often accompanies the struggling 
, and holding breath that ensue when the first 

whiffs of concentrated vapour are taken into the 
au-passages. This fall shows that the Junker 
apparatus interferes with the breathing. 


B. 

10 

30 

10. — ^Inhalation of ammonia. 

C. 

10 

31 

30. — Evulsion of toe-nails. 

D. 

10 

33 

0. — Extraction of teeth. 

E. 

10 

40 

30, — Irritation of nostril. 

Trace II. Ludwig shows effects of — 


II. 

M. 

s. 

F. 

10 

53 

5. — Junker inhalation at the rate of 20 squeezes a 
minute. 

G. 

10 

56 

0. — Catching hold and snipping off 'a piece of tlie skins 
of the anus. 

H. 

10 

57 

30. — Pushing chloroform after respiration has "stopped, 
and then artificial respiration. • 

I. 

11 

2 

0. — Ligatm’o of the right vagus. 

J. 

11 

4 

0. — Repetition of 3 and 4 and irritation of the central 


end of the cut vagus after the resjmation had 
stopped. 


Trace III. Ludwig ^ows effects of — 

II. M. s, 

K. 11 20 0. — Junker administration with 10 squeezes per minute. 

L. 11 22 30. — Irritation of central end of right vagus when dog 

“ well under,” but not in danger. 

M. 11 44» 0. — Artificial respiration, delayed for nearly a minute after 

spontaneous respiration had ceased. 

N. 11 50 0. — Haemorrhage to 8 oz. from the femoral artery. 

0^ 11^55 0. — Continued administration of chloroform by Junker at 
, 10 squeezes per minute. 
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A clot having been found, the experiment was closed by squeezing the 
Junker apparatus rapidly 80 times a minute. The heart-beat (indicated by a 
flag thrust into the heart) continued six minutes after the respiration had 
entirely ceased and 3m. 15s. after thei pulse was imperceptible. 

The one Fick tracing includes 7 readings taken at periods indicated on the* 
third Ludwig tracing. 


November 1st. — No. 42. 

Temperature of the room 22^ Cent. FuU-sized healthy pariah.* Chloro- 
formed and placed on the table at 8h. 18m. 20s. Hajmorrhage from the 
mouth while in the box about 1^ oz,, the result of violent strangulation in 
restraining his movements. Kejjt quiet with chlorofosm as before. Struggled 
violently while taking some cliloroform and in consequence was givem an over-* 
dose. Artificial respiration was resorted to at 8h. 22m. 50s., and w'as eontinuod 
till 8h. 34m., but the dog did not recover. Post-mortem — Base of the loft 
lung engorged ; both sides of the heart very much distended with venous 
blood ; valves healthy. 

This dog’s death was undoubtedly the result of the reckless carelessness 
which had marked the proceedings from tlie commencement, and was due 
quite as »much to asphyxia as to chloroform, 

" November 1st. — No, 43. 

Temperatui’e of the room 23.^ Cent. Full-sized healthy pariah. Chloro- 
formed in the box as before. Placed on the table at lOh. 5m. and kept quiet, 
breathing stopped at lOh. 13m. 30s. Artificial respiration until lOh. 14m. 30s. 
Carotid ligatured at lOh. 17m. 30s. Canula inserted into the carotid at lOh. 20m. 
Connection made wdth the manometer at lOh. 25m. Two Ludwig and one 
Fick tracings. 

Observations, 

H. M. s. 

A. 10 25 0.— Administration of chloroform with Junker squeezed 

10 times a minute, using the ordinary mouth-piqcd. 

B. 10 30 20. — Administration of chloroform with the lead tune of 

the Junker thrust into the nostril in place of the 
mouth-piece, at first at the rate of<. 10 squeezes per 
minute, afterwards 20. • 
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ir. M. B. * • 

C. 10 35 0. — Squirting a few minims of clilorofomi into the nostril. 

D. 10 44 20. — Administration of other with a bladder, air being 

admitted through a side opening every five seconds 
(the ether administered in this way failed to keep 
the dog in a state of anajsthesia). 

Trace II. Ludwig shows effects of — 

H. M. s. 

E. 10 52 0. — Junker inhalation, with mouth-picco at 10 squeezes a 

minute. 

F. 11 5 30. — Rapid administration of chloroform with Junker as is 

done frequently in hospitals, without attending to 
the signs of danger, while the operation forphymosis 
was being performed. The dog was dead after 10 
minutes, very nciarly four • drachms of chloroform 
being used. 

November 1st. — No, 44. 

Temperature of the room 25.^ Cent. Full-sized well-developed p.ariah dog. 
Into chloroform at 2h. Im. Taken down at 2h, 11m. Put on dog board*2h. 11m. 
30s. and ke])t under chloroform as before. Ligature of the carotid at 2h. J.7m. 
40s. Connection made with manometer at 2h. 2f)m. 408. Throe Ludwig trac- 
ings and two Kick. Trace 1. Ludwig shows effects of administration of ether 
witlr a bladder, air being admitted through a side opening every ten seconds. 
(This failed to keep the animal under.) Trace II. Ludwig shows effects of ad- 
ministration of ether witli Junker’s inhaler provided witli a close fitting mouth- 
piece and also the effect of rapid hajmorrhage to 12 oz., from the femoral artery. 
Trace III. shows continued ether administration with Junker, and lastly death 
b^ pushing chloroform. Fick readings : — 

(1) Natural. 

(2) During ether administration with bladder. 

(3) Do. do, do. 

(4) Do. do. do. 

(5) Ether with Junker’s^ inhaler ; animal “ over”. 

(6) * Ether immediately after 12 oz. haemorrhage. 
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(7) Same as 5 ; but a little later the effect of the haemorrhage still 

marked. 

(8) The same ; only more .under the influence of ether. 

(9) Just after ether was stopped. 

(10) Effect of chloroform pushed. 

(11) Do. do. 

(12) Do. respiration stopped. 

(13) The animal dying. 

(14) Dead. 

'In this experiment (44) the figures (1), (2), (3), &c., refer to the Fick readings. 

November 2nd. — No. 45. 

Temperature of the room 23 Cent. Full-sized healthy pariah dog. Chloro- 
formed at 9h. 52m. 45s. Fell down at 9h. 58m. 15 b. Put on the table at lOh. 
Im. 25s. Kept quiet under chloroform. Respiration stopped and artificial 
respiration at lOh. 15m. Breathing spontaneously at lOh. 15m. 40s. Carotid- 
artery ligatured at lOh. 18m. 5s. Respiration stopped at lOh. 22m. 58. Artificial 
respiration until lOh. 23m. 5s. Connection made with manometer at lOh, 29m. 
30s.'^ Throe Ludwig and three Fick tracings. During trace I. Ludwig ether 
was administered with bladder inhaler and a closely fitting mouth-piece, air 
being admitted every fifth and afterwards every tenth respiration, but this failed 
to keep the dog in a state of ansesthesia. Trace 11. shows administration of 
A. 0. E. mixture by a Junker’s inhaler, 10 squeezes per minute at first, then 
20 squeezes, and finally with jrapid squeezes. Trace III. shows the death of the 
dog, the blood-pressure remaining at 32mm. The three Fick tracings give 15 
readings at times marked upon the Ludwig tracings. Total A. C. E. mixture 
used, 9 drachms. * 

November 2nd. — No. 46. 

• 

Temperature of the room 25 Cent. Full-sized healthy pariah. Chloro- 
formed in box at 2h. 12m. 10s. Placed on the table at 2h. 26m. 30s. and kept 
quiet with chloroform. Artificial respiration 2h. 23m. 30s. to 2h. 30m. 50s. 
Artery ligatured 2h. 38m. 55s. Artificial respiration again 2h. 42n^ to 2h. 42m. 
20s. Connection made with manometers at 2h. 46m. 30 b, when the dog was 
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just coming out of chloroform. Two Ludwig and three Fick tracings. Trace I. 
Ludwig was taken during the administration of A. C. E. mixture with Junker’s 
inhaler, at first at the rate of 10 squeezes a minute, afterwards rapidly. Dur- 
ing trace II. Ludwig the A. C. E. administration was continued, but as tlie 
.effect was not sufficient, the bottle was filled up to 2 oz. with fresh A. C. E., 
after which the dog died rapidly. The three Fick tracings include 8 readings 
taken at times noted on the Ludwig tracings. Total A. C. E. mixture used, 13^ 
drachms. 


November 2nd. — No. 47. 

■ Temperature of room 25.^ Cent. Full-sized healthy pariah, to whom a 
grain of morphine had been given hypodermically about an hour before. 
.Given A. C. E. mixture on a cap 3h. 43m. Cornea insensible 3h. 44m. and 
placed on the table ; quite under. Canula inserted into carotid 3h. 53m. 
Cornea sensitive and gave more A. C. E. at 3h. 56m. A. C. E. stopped again 
3h. 57m. 458. Connection made with manometer 3h. 57m. One Ludwig and 
one Fick trace showing the effect of killing the animal with A. C. E. on a cap. 
The quantity of A. C. E. used was not measured. 

November 4th. — ^No. 48. 

Temperature of room 21 Cent. Unusually large strong pariah dog, which 
had been fed habitually in the hospital. Chloroformed in the box at 7h. 22m. 
Put on the table and cornea insensible at 7h. 44m. 10s. Artery ligatured 
7h. 56m. 50s. Canula inserted into carotid at 8h. 7m. 15s. Connection made 
with manometers at 8h. 34m. One Ludwig and one Fick tracings showing the 
effect of pushing chloroform with the ordinary cap. Recovery appeared for a 
few seconds to have been effected by artificial respiration, but ho again ceased 
breathing and died. Post-mortem — More fat than usual thi'oughout the whole 

body. A small cyst in the walls o^the {esophagus. Heart healthy. 

« • • 

' November 4th. — No. 49. 

. Temperature of room 23 Cent. Small-sized healthy pariah dog. Into 
chloroform box at 9h. 44m. 408. Placed on the table at lOh. and kept quiet 
with chloroform. Carotid ligatmred at lOh. 9m. Connection with manometers 
at lOh. 20m. Three Ludwig and four Fick tracings. Trace I. Ludwig shows 
effect of puling first chloroform, then ether, and lastly A. C. E., and reviving 
the dog each time with artificial respiration. Traces II. and IIL show a repetition 
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of tihiB abQTO (administration of chloroform, ether, lind A. C. £.) and finally 
death- &om chloroform. The four Fick tracings include 25 readings at times 
noted ph the Ludwig tracings. 

Observations. 

II. M. S. 

A. 10 20 30. — Chloroform on cap. 

B. 10 25 0. — Respiration stopped and immediately afterwards the 

heart’s action was arrested. This is what is called 
secondary syncope. It is not however syncope at 
all, but is inhibition of the heart due to vagus 
stimulation, and is a safeguard in thal it delays the 
conveyance of the chloroform to the nerve centres. 
{Vide Fick 2 and compare with Fick 8.) 

C. 10 25 10.-— Artificial respiration showing the easy restoration 

of the animal. 

D. 10 30 20. — Ether on cap. 

E. 10 33 35. — Respiration stopped, 

F. 10 33 60.- — Artificial respiration and gradual restoration. 

'G, 10 38 50. — A. C. E. mixture on cap. This observation shows 

that chloroform, ether, and the A. C. E. Mixture 
produce precisely similar effects, only varying in 
intensity. 

H. 10 41 30. — Respiration stopped. The same arrest of the heart’s 

action subsequently took place as in observation 
C. Compare Fick 8 and 9 with Fick 2 and 3. 

I. 10 42 0. — Artificial respiration and gradual restoration.. 

J. 10 49 45. — Observation B rapeated. The record is incomjilete 

on account of an interruption from clot. I. 

K. 11 5 0, — Ether, with very little ah, on cap. Respiration 

stopped at llh. 9in, 30 b. Artificial respiration at 
llh. 10m. Os. restored the animal. 

L. 11 27 0. — A. C. E. mixture on cap pushed till stoppage of the 

respiration. Restoration by artificial respiration. 

M. 11 39 45. — Chloroform on cap pushed till death. * 
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* November 4tb. — No. 50. 

Temperature of room 25 Cent, Strong mongrel. Into chloroform, box at 
2h. 27m. 508. Placed on the table struggling violently at 2h. 38m., and . was 
given chloroform on a cap. Stopped breathing at 2h. 39m. SOs. Artificial 
respiration was at once begun and tho animal breathed spontaneously at 2h. 
42m. Artificial respiration was again necessary almost immediately and failed 
to restore natural respiration. Post-mortem showed that the abdominal cavity 
Was fuU of blood lironi rupture ol‘ the liver. The pericardium was adherent ; 
valves healthy, Small abscesses in spleen and liver. This death was the 
result of excessive zeal and energy in the performance of artificial respiration. 

November 4th. — No. 51. 

• Temperature of room 25 Gent. Full-sized fairly-nourished pariah. Put 
into chloroform box at 2h. 50m. 558. Fell down at 2h. 55m. Placed on the 
dog-board at 2h. 58m. 15s. Artery ligatured at 3h. 5m. 30s. Connection made 
with tho manometers at 3h. 12m. 40s*. One Ludwig and one Fick tracing* 
Tho Ludwig tracing shows (a) the depressing effect of thrusting a needle into 
tho heart ; (J) a slighter but distinct depression while struggling at the 
commencement of ether administration ; (c) death from ether when pushed 
with an ordinary cap covered witli Mackintosh. The Fick tracing^ncludes 
seven distinct readings at times noted in the Ludwig trace. The readings 
along the top of the Fick tracing were produced by a system of Marey’s tam- 
bours connected with a needle in the heai’t. , Post-nxortem — Heart healthy ; 
liver ruptured, but only a small quantity of blood in the abdomen. 

II. M. s. 

A. 3 13 30. — ^Noodle thrust into tho heart. 

B. * 3 16 0. — Ether administered ; the effect of struggling caused 

slowing of tho heart, exactly in the same way as it 

does under chloroform, and is well shown in Fick I. 

C. 3 22 50. — ^Respiration stopped. 

D. 3 23 |0. — ^Artificial respiration : death. 

November 4th. — No. 52. 

Temperature of room 25| Cent. Full-sized strong pariah put into the 
chloroform box at 3h. 38m. Fallen down at 3h. 40m. 50s. Placed on the table 
at 3h. 42m. 458. and kept quiet with chloroform. Carotid artery ligatured 
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3h. 49m. 50s. Canula inserted 3h. 58m. 40s. Connection made with manometers 
at 4h. One Ludwig and two Fick tracings during — 

(j 4) Administration of A. C. E, with marked but intermittent falls in 
the blood-pressiue during struggling. 

(B) Pushing A. C. E. until respiration stopped. 

( C) Artificial respiration. 

(D) Thrusting a needle into the heart. 

(JE) Pushing A. C. E. until death resulted. 

Postrmoriem'—Oxgm& healthy. Above two drachms of bloocl in the 
pericardium. 

• Observations^ 


H. M, S. 

A. 4 3 0. — A. C. E. mixture : struggling, and consequent ii-re-* 

gularities in the fall of blood-pressure of precisely 
the same kind as those which occur under similar 
circumstances with chlorofonn and with ether : 
a needle was thrust into the heart twico during the 
observation. The A. C. E, mixture was pushed till 
stoppage of the respiration at 4h. 5m. Os. A needle 
was ‘thrust into the heart again at 4h, 9m. 20s. 
during revival ; and the depressing effect of this 
operation is well shown in the tracing. 

B. 4 11 30. — A. C. B. mixture pushed till respiration stopped : 

• death. In Experiment 52 the effect on the heart of 

holding the breath is very frequently demonstrated 
in the Ludwig tracing from 4h. 11m. 35s. to 
4h. 12m. Os. and in the Fick I. tracing 4. 


November 5th. — No. 53. 


Temperature of the room 23 Cent. Full-sized pariah dog. Into cl^lo- 
roform box at 7h. 47m. 20s. Fallen down at 7h. 57m. Placed on the tabltf at 
8h. 2m. 15s. Artery ligatured at 8h. 17i^. 20.8. Canula inserted at 8h. 23m. 
308. Connection made with manometers at 8h. 27m. 30s.* Two Ludwig and 
two Fick tracings. The tracings show the effect of pushing first chloroform 
and afterwards ether administered on ^n impervious cap, and finally killing 
with chloroform. They also show the effect of thrusting needle into the 
heart, and the continued irritation caused by its presence. P 9 St*mortemr~ 
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Three drachms of blood id the pericardium. Mitral valves a little thickened. 
Apex of right ventricle attenuated. 

Observations. 

H. M. s. 

A. 8 27 30. — Needle into heart. 

B. 8 30 40. — Chloroform pushed till stoppage of the respiration : 

revival by artificial respiration. 

C. 8 38 0. — Noodle thrust into the heart. 

D. 8 41 0. — Ether administered ; struggling and similar irregu- 

larities in the ciroulation, as are observed during 

struggling under chloroform and the A.C.E. mixture. 

E. 9 23 35. — Chloroform pushed : the resphation stopped at 9h. 24m. 

30s. The heart continued to beat till 9h. 32m. 20s. 

November 5th. — No. 54. 

Temperature of the room 24 Cent. Full-sized paiiah dog. Chloro- 
formed in box lOh. 9m. 15s. Dog fallen down lOh. 14m. 20s. Placed on the 
table lOh. 15m. 25s. Stopped breathing lOh. 16m. lOs. Artificial respiration 
tried without effect. Post-mortem — Organs healthy ; two ribs fractured. In 
this case there was no doubt that chloroform had been carelessly administered 
while tl^,e operation for tying the carotid was being performed. 

November 5th. — No. 55. 

Temperature of tlie room 24 Cent. Full-sized healthy pariah dog. Put 
into the chloroform box at lOh. 29m. 258. Placed on the table at lOh. 42m. 30s. 
Artery ligatured at lOh. 51m. 30s. Connection made with the manometers at 
lOh. 56m. 10s. One Ludwig and one Fick tracing showing administration of 
ether without air, its failm’e to keep the dog under and finally death from 
pushing A. C, E. Post-mortem — two ounces of arterial blood in pericardium. 
The* needle had passed tlmoxigh the lungs into the left auricle. (In this as in 
» previous cases the upper line on the Fick tracing is produced by a system of 
Maroy’s tambours connected with the needle in the heart.) 

• u. M. s. 

Vi 

A. 10 57 0. — Needle thrust into heart. The depressing effect of this 

measure is shown in Fick reading 1. 

B. 11 0 26. — Ether with the air excluded. 

C. 11 21 20.— A. C. E. mixture pushed till death. 
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November 5th. — No. 56. 


Temperature of the room 25^ Cent. Full-sized strong pariah. Chloro- 
form given at lli, 48m. 30s. Fallen .down at Ih. 56m. 30s. Placed on the table 
at Ih. 58m. 10s. Artery ligatured at 2h. 6m. 45s. Canula inserted at 2h. 
11m. 30s. Connection with manometers at 2h. 15m. 158. In this experiment 
it was intended to smotlier the dog with a tin mouth-piece carefully closed, but 
after death it was found that a sponge with a small amount of chloroform upon 
it had been accidentally left inside the mouth-piece. One Ludwig and one 
Fick tracing showing — < 

ObseiTations. 


n. M. s. 

- A. 2 16 20. — Chloroform ; stojiped at 2h. 17m. 40s., needle into tlic 

heart at 2h. 17m. 50s. 

II. 2 20 5. — Simple asphyxia with a very small quanl'ty of chloro- 
form, accidentally left in the inhaler. A1 2h. 27m. Os. 
the heart’s action was arrested, probably owing to 
vagus stimulation, for 15 seconds (eA/e Fick 7). 
The heart stopped finally at 2h. 30m. Os. 

Fick reading 8 shows clearly Ihe gi'adual cessation of movement in the 
needle thrust into the heart. Post -mortem examination showed general venous 
congestion ; small hannorrhago in the lungs ; a small cysli in the wall of the 
heart, and a largo suppurating lymjihatic gland in the wall of lesophagus. 


November 5th. — No, 57. 

Temperature of room 26 Cent. Full-sized pariah. Chloroformed in box 
2h. 37m. 15s. On the table 2h. 42ni. 30s. Artery ligatured 2h. 49m. Con- 
nection made with manometer 2h. 53m. One Ludwig and two Fick tracings. 
An attempt was made to simply smother the’ dog with the padded mouth- 
piece ; but complete asphyxia could not be produced, and he was eventually 
killed with A. C. E. mixture pumped into the mouth-piece with Junker’s 
inhaler. Fick i-cadings 4, 6, and 7 show very well the slowing of the heart 
produced by asphyxia. Post-mortem — Intense venous congestion. 


Ohservations. ^ 

II. M. s. 

A. 2 53 40. — Partial asphyxia. 

15. 3 11 5. — A. C. E. mixture pumped into the paouth-piece with 

Junker’s inhaler till death. Respiration ceased at 
3h. 16m. Os. and the heart stopped at 3h. 20m. 16 b. 
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November 5tb. — No. 58. , 

• 

Temperature of the room 26 Cent. Full-sized powerful pariah dog. Into 
the chloroform box at 3h. 28m. 15s. Fallen down at 3h. 32m. 10s. Placed on 
the table at 3h. 33m. 45s. and kept quiet with chloroform. Artery ligatm’ed 
at 3h. 40m. Canula inserted at 3h. 43m. 30s. Connection made with manome- 
ters at 3h. 44m. 35s. One Ludwig and one Fick tracing. Asphyxia by means 
of the mouth-piece was again attempted, but as this failed to kill the dog owing 
to leaks, chloroform vapour was pumped into the closed month-piece with 
Junker. Unfortunately directly after tliis a clot formed in the tube. 

November 6th. — No. 59, 

. Temperature of room 22*5 Cent, Full-sized pariah. Into chloroform 
box at 8li. 20s. Fell down at 8h. 9m. 45s. Placed on the table at 8h. lOni. 
Temperature in reclum 100'4 F. More chloroform at 8h. 17m. 35s. and again 
at 8h. 23m. 30s. (Janula inserted at 8h. 26m. 3()s. Connection made with the 
manometers at 8h. 32m. 208. One Ludwig and two Fick tracings showing the 
olfect of asphyxiating the animal by holding a carefully-sealed inhaler over his 
muzzle. The act of thrusting the needle into the heart did not cause any fall 
of pressure. Temperature in the rectum 99 F. at the end of experiment. 
Post-mortem presented all the appearance of asphyxia. The needle had entered 
the heal't through the auriculo-ventricular groove and just reached the interior 
behind one of the semi-lunar valves. No blood in the pericardium. 

November 6th. — No. .60. 

Temperature of room 23.^ Cent. Large size dog. Into chloroform box 
at lOh. 3m. * Fell tlown at lOh. 12m. Placed on the table at lOh. 13m. Tem- 
perature in the rectum 100‘4 F. A little chloroform given at lOh. 21m. Artery 
ligatured at lOh. 22m. 10s. Canula in8erl.ed at lOh. 25m. Connection made 
witJi manometer at lOh. 27in. One Ludwig and one Fick tracings. Asphyxia 
was first produced by smothering the dog wdth an empty inhaler, and then 
chloroform was pumped into tlie still aii-tight inhaler. Death resulted very 
rapidly. From Fick reading 3 it w’'as thought that the heart had stopped 
simultaneously with the respiration, but, on opening the thorax, the heart was 
found to be still bjsating, and it continued to do so for some minutes. Post- 
mortem appearances those of chloroform poisoning. Temperature after the 
experiment 99 F. 
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Observations, 

• 

A. lOh. 28m. Os. — Smothering with an empty inhaler. The irregular 
fall of pressure due to asphyxia,' and to asphyxia combined with chloro- 
form, is seen in Fick readings 1 and 2. 

B. lOh. 32m. Ss. — Chloroform pumped into the ah'-tight inhaler. 
Fick 3 shows the very rapid fall of pressure due to vagus stimulation in an 
animal aheady partially asphyxiated, and how quickly chloroform-poison- 
ing and paralysis of the respiratory centre occurs under these circum- 
stanoes. From Fick 3 and the absence of pulse it was thought by every- 
body present that the heart had altogether stopped, simultaneously with 
the resphation, at lOh. 33m. Os., but when the thorax was opened at lOh. 
36m. 30s., three minutes and-a-half after the breathing stopped, the heart 
was found to be beating vigorously, and it continued to do so till lOh, 
39m. 50s., nearly seven minutes after the cessation of respiration. 

Experiment No. 60 affords an excellent example of the remarkable slow- 
ing and oven temporary cessation of the heart’s action, which occurred again 
and again throughout the Commission’s onquiiy at the same moment as the 
respiration stopped; The heart always recovered itself and began to beat re- 
gulai'ly again before any steps wore taken to restore the animal and without 
any. respiration taking place. {Vkle Experiments Nos. 49, 162 and I'JS, and 
compare with 60). The failure of the heai’t, il“ such it can be called, instead of 
being a danger to the animal, is a safe-guard by preventing the absorption of 
residual chloroform from the lungs and its distribution through the system. If 
the arrest of the heart in these experiments is duo, as it appears to be, to 
vagus stimulation, there is no doubt that the inhibiting action benefits the 
organ and, besides resting it, acts on it as a tonic. * 

November 6th. — No. 61. 

Temperature of room 24 Cent. Full-sized pariah dog. Put into the 
chloroform box at lOh. 42m. Fallen down at lOh. 55m. '•SOs. Placed on the 
table at lOh. 57m. 46s. Temperature in the rectum 99’2 F. Artery ligatured 
at llh. 4m. A little chloroform given at llh. 9m. Connection made with the 
manometers at llh. 10m. 16s. Temperature after death 98’2_.F. Two Ludwig 
and two Fick tracings showing the effect of giving ether to an ^asphyxiated 
'animal. The extraordinary fall of pressure, which occurred at the commence- 
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ment of the ether inhalatfon," is noticeable. It was the accompaniment probably 
of struggles and holding breath, though this was not noted on the tracing. As 
ether did not appear to be going to kill the animal in a reasonable timej chloro- 
form was pumped into the inhaler and ’death ensued rapidly. The second 
Ludwig ti’acing is imperfect, on account of the float not working freely in 
the tube of the manometer. The needle was found in the apex of the left 
ventricle. 

November 6th. — No. 62. 

Temperature of the room 2.5*5 Cent. Full-sized strong pariah dog. Put 
into chloroform box at 2h. 25m. Fallen down at 2h. 32m. 30s. Put on the 
tabhi at 2h. 34m. 30s. Temperature in the rectum 101 F. Artery ligatured at 
2h. 40m. 30s. Oanula inserted into the carotid at 2h. 44m. Connection made 
with the manometers at 2h. 16m. One Ludwig and tme Fick tracing. A little 
chloroform was given at first to quiet the animal and diminish the excursions 
of the needle. Afterwards the empty inhaler w'as a])plied and made as air-tight 
as possible, and, lastly, A. C. E. was pumped into the inhaler until death ensued. 
The end of the experiment was internipted by a clot. Temperature in the 
.rectum 99 F. after the experiment, 

November 6th. — No. 63, 

Temperature of the room 25’5 Cent. Medium-sized strong pariah dog. 
Put into the box and chloroform given at 3h. 19m. 10s. Fallen down at 
3h. 30m. 15s. Brought on to the table at 3h. 31m, 15s, Temperature in the 
rectum 101 ’6 F. Chloroform from time to time t o keep him quiet. Artery 
ligatured at 3h. 41m. 25s. Canula inserted into carotid at 3h. 42m. 50s. Glass 
tube tied in to the trachea at. 3h. 50m. Connection made with the manometers 
at 3h. 53m. 

, , One Ludwig and one Fick tracing, showing the effect of opening and 
closing the tracheal tube {vide especially Fick readings 3 and 4). Chloroform 
was afterwards pumped into the tracheal tube by means of Junker’s inhaler 
until death ensued. * 


November 7th.— ‘No. 64. 


Temperature of the room 21 Cent. Full-sized pariah dog, rather thin. 
Put into the* chloroform box at 7h. 46m. 30 b. Fallen down at 7h. 52m. SOs. 



54 


Placed on the table at 7h. 53m. and given a little chloVoform from time to time 
to keep him quiet. Artery ligatured at 8h, 5m. lOs. Temperature in the 
rectum 08*2 F. A loose ligature placed under both vagi. Connection made 
with the manometer at 8h. 20m. 15s. ' Three Ludwig and three Fick tracings. 
Ludwig I. is during («) a short administration of chloroform ; (J) ligature of 
tho right vagus after the chloroform was stopped, causing very marked 
and continued depression ; (c) artificial respiration ; (<l) division of the right 
vagus ; (e) peripheral irritation of the right vagus, electrically (coils distant IQ 
cent.), with at the same time the pushing of chloroform on an ordinary cap for 
a little over two minutes ; (/) artificial respiration and gradual lecovery. 
Ludwig tracing IT. is during (^) peripheral irritation of tlic right vagus (Fick 
reading 9) ; (/i) irritation of right vagus, peripheral as before, and pushing of 
chloroform at the same time (Fick reading 11.) for about one minute ; (f) grad- 
ual recovery without artificial res])iratiou ; (J) the same experiment again, ‘ 
irritation of right vagus and pusliing chloroform, for over two minutes; (k) 
recovery again without artificial respiration, but in the course of recovery, 
irritation of the right central vagus ; and (1) ligature and seetion of the left 
vagus. Ludwig tracing III. is during (?/<) irritation of tho periphery of both 
vagi with pushing of chloroform at the same time lor about, two minutes ; (w) 
opening and placinga tube into the trach(ja; (o) chloroform accidentally’^ squirted 
into tho tft’achea and gradual death of the animal. Tho time of the 22 Fick 
readings is noted on the Ludwig tracings. Temperature in the rectum, after 
death 98 ’4 F. 


Obsercatiom. 

A. 8h. 20m. 30s. — Chloroform administered. Irritation of right 

vagus at 8h. 22m. Os. causing almost total arrest of tho ^ulse from 
8h. 22m. Os. to 8h. 23m. 45 b. During this period there were only 
25 pulsations registered, and most of those jjtflsations occurred during 
tho last 45 seconds {vide Fick 2). Chloroform was pushed to stoppage of 
the respiration and the animal was restored by artificial respiration. The 
vagus was divided at 8h. 27m. Os. • 

B. 8h. 29m. 50s. — Irritation of the peripheral end of the right vagus 
when the animal was out of chloroform. The slowing of the heart and 
great Ml of blood-pressure caused by stimulation of the vagus are well 
shown on the Ludwig tracing. The administration of chloroform was 
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commenced during more or less complete inhibition of the heart {vide Fick 
5 and 6) from 8h. 30m. 10s. to 8h. 32m. Os. The respiration ceased at 
8h. 32m. Os. and the chloroform cap was removed. Artificial respiration 
was not begun until 8h. 33m. 55s. and natural breathing was restored at 
8h. 39ni. Os. 

C. 8h. 53m. 308. — Irritation of peripheral end of right vagus 
followed by rapid chlorofijrm a<hniuistration at 8h. 53m. 408. {vide Fick 
11). At 8h. 54m. 15s. tJ)o vagus irritation was stopped, and the admin- 
istrafion of chloroform was discontinued at 8h. 54m. SOs. At 9h. Im. 30s., 
when the .animal was coming round spontaneoTisly, irritation of the peri- 
pheral enfl of the right vagus was again commenced while chloroform was 
pushed simultaneously and continued until 9h. 3m. 40s. The respiration 
entirely ceased at 9h. 3m. 10s. and recommenced spontaneously at 9h. 
4m. 10s. The chlorofoi'm cap was removed, but the. blood-prcsspre 
continued to fall, owing to the residual chloi’oform in the lungs, until 
9h. 4m. 40s. {cido Fick 13). The central end of the right vagus was 
irritated from 9h. 6m. 55s. until 9b. 7m. 50 h. and this caused rer?/ .sYo<c 
res^jiration. The left vagus was divided at 9h. 9m. 40s. 

D. 9h. 14m. 20s. — Elect rical irritation of peripheral ends of both vagi, 
causing an immediate fall of the blood-pressure almost to zero. Chloro- 
form administration was pushed diudng complete inliibition of the heart’s 
action at 9h. 14m. 30s. There was entire absence of pulse-tracing for 
more than one and-a-hulf minutes, the blood-j)ressiire remained nearly at 
zero, and the breathing became slow. The irritation and the administra- 
tion of chloroform wore both stopped at 9h. 16m. Os. The blood-pressure 
rose immediately to nearly its foimer height. It then gradually fell, 
exactly as it does in chloroform administration with normal breathing, 
and rose again spontaneously at the end of one minute. Tho fall of 
“proseuro after tho cessation of vagus stimulation constitutes the most 
interesting phenomenon in this observation. From 9h. 14m. 20s. to 
9h. 16m. Os. cardiac inhibition, with sudden and prolonged fall of blood- 
pressure, was caused by stimulation of the vagi. The arrest of tho 
circulation, due to stoppage of the heart, prevented tho chloroform, which 
from 9h. 14m. 30s. was saturating the air deep down in the lungs, from 
getting into tho blood. But when the circulation was resumed at 
9h. 16m. Os. the chloroform was forthwith taken up by the blood, and 
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tlie respiration was np longer a factor in the process, except to eliminate it 
from the lungs. The effect of the uncontrollable absorj^on of chloroform 
into the blood was, not to give rise to any paralysis or weakening of the 
heart, but simply to produce the ordinary regular and gradual fall of the 
blood-pressure, which is associated with narcosis of the nerve centres in 
the medulla, in normal chloroform inhalation. The trachea was opened at 
9h. 1 9m. Os. and a tube inserted at 9h. 19m. 50s. 

E. 9h. 25m. Os. — Chloroform was accidentally squirted into the 
trachea. Respiration stopped at 9h. 28m. 45s.; slight thoracic movements 
occurred at 9h. 31m. 25s ; a needle was inserted into the heart at 
9h. 33m, 30 b; and the heart-movements were perceptible until 9h. 35m, 20s. 
The artery was cut and the pressure fell to zero at 9h, 36m. Os. 

November 7th. — No. 65. 

Temperature of the room 23 J Cent. Full-sized pariah, but very old. Put into 
the chloroform box at lOh. 43m. 30s. The dog escaped from the box, but was 
put into it again at lOh. 45m. 156. Fallen down at lOh. 56m. Placed on the 
table at lOh. 56m. 45s. and given enough chloroform from time to time to keep 
him quieV Temperature in the rectum lOO'S F. at llh. 4m. 20s. Artery liga- 
tured at llh. 7m. Canula inserted into the artery at llh. 6m. Loose ligature 
placed under both vagi. Connection made with manometers at llh. 20m. 58. 
Three Ludwig and three Fick tracings during (a) rapid chloroform admin- 
istration until respiration ceased and for about a quarter of a minute after- 
wards, t.e., for 1 minute in all ; (b) gradual recovery without artificial respira- 
tion ; (c) double ligature and division of the right vagus ; (d) irritation of the 
peripheral end of the right vagus, together with pushing of chloroform by the 
ordinary cap for 2^ minutes. The distance of the coils was changed from 10 
cents, to 5 cents, in the middle of the experiment ; (e) gradual recovery without 
artificial respiration ; ( /) irritation of the central end of the right vagus 
(Fick reading 7) ; (y) pushing chloroform for nearly one minute and stopping 
the respiration, necessitating resort to (A) artificial respiration ; {t) irritation of 
the central end of the right vagus again (Fick 10); {f) irritation of the periphery 
of the vagus again with chloroform pushed as before for five minutes ; (A) 
spontaneous tendency to recovery assisted after 3^ minutes by^a short artificial 
respiration ; (I) ligature and division of left vagus ; (m) pulling fit the vagi ; 
(n) irritation of both vagi, pushing chloroform for just over 6 minutes, while 
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AriMoUd respiration waB employed whenerer the respiration stopped so as to 
ensure the chloroform entering the limgs. Afterwards the dog took a few 
shallow respirations and then died in spite of artificial respiration. 

Temperature in the rectum just after death 98 F. 

ObservaMcms, 

A. llh. 22m. 60s. — ^Pushed chloroform ; breathing stopped at llh. 
23m. 348.; chloroform cap removed llh. 23m. 50 b ; breathing restored 
spontaneously without artificial respiration. 

B. llh. 30m. Os. — Chloroform pushed with simultaneous irritation of 
peripheral end of right vagus. The slowing of the pulse due to vagus 
stimulation is shown in Fick 4. Breathing stopped at llh. 32m. ^s., 
and recommenced spontaneously at llh. 33m. 20s. Fick 7 shows the 
tracing of the respiration and pulse during irritation of the central end 
of the vagus. The respiration was not stimulated, but arrested by the 
irritation of this portion of the nerve. 

C. llh. 38m. 58. — Chloroform pushed till llh. 38m. 668,, when the 
respiration stopped and the pulse tracing disappeared {vide Fick <8). The 
aitimal was restored by artificial respiration. The central end of the right 
vagus was irritated from llh. 41m. SOs, to llh, 42m. 20 b. The effect in 
slowing the respiration, and of this on the pulse, is well shown in 
Fick 10. 

D. llh. 51m. 56s.— -Irritation of the peripheral end of right vagus 
followed at llh. 62m. Os. by chloroform. The irritation and chloroform were 
kept up till llh. 67m. Os. Respiration stopped at llh. 64m. Os. There were 
a few gasps at llh. 67m. lOs. Artificial respiration was not commenced 
till 12h. Om. 40s. The animal recovered. The first respirations are seen 
in the Ludwig tracing between 12h. Im. Os. and 12h. 2m. Os. The effects 
of stimulation of the vagus in slowing the heart and circulation are dis- 
played in readings 13, 14, 15, 16 and 17 Fick. The left vagus was divided 

at 12h. 4m. 66s. 

♦ 

E. 12h. 12m. 46s.— Irritation of the peripheral ends of both vagi and 
chloroform *administration kept up till 12h. 18m. Os.* the (fiiloroform being 
inhaled*by artificial respiration when natural reapiration failed. Death 
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ensued. Experiment No. 65 proves that inhibition of the heart’s action, due 
to stimulation of the vagi during continued chloroform administration, pre- 
vents rather than assists the fatal effects of prolonged chloroform inhalation, 
and that lowering of the blood-pressure either suddenly or gradually with- 
out weakening of the heart is in no sense a danger. 

November 8th — No. 66. 

Temperature of the room 21*5 Cent. Full-sized pariah dog. Into chloro- 
form box at 9h. 25m. 30s. Fallen down at 9h. 33m. Placed on the table at 
9h. 35m. 45s., and given chloroform now and again. Canula inserted into 
left carotid. Loose ligatures placed under both vagi and a largo-sized glass 
tube tied into the trachea. Connection made with the manometers at lOh. 6m. 
The animal was first asphyxiated and then given ether through the tracheab 
tub® by means of Junker’s inhaler. Death ensued rapidly. 

November 8th. — No. 67. 

Temperature of the room 23 Cent. Full-sized pariah dog. Into the 
chloroform box at lOh. 39m. 15 b. Fallen down at lOh. 48m. Os. Placed on 
the table at lOh. 51m. 30s. Temperature in the rectum 99‘0 F. Ligature of 
the carotid at llh. 3m. 30s. Tube placed in trachea and loose ligatures under 
both vagi. Connection made with manometers at llh. 16m. One l^udwig 
trace and one Fick (one Fick reading is incorporated with the Fiok readings 
of 68). Chloroform was administered by the Junker inhaler attached to the 
tracheal tube and death occurred very rapidly. Before the chloroform was 
given the sciatic nerve was irritated. Artificial respiration was tried for 
several minutes in vain, though it kept up a certain amount of blood-pressure, 
and ammonia was held opposite the opening of the trachea. Post-mortem 
examination showed that there was nothing abnormal in the heart or other 
organs. Rupture of the liver had occurred and there was much blood in the 
peritoneum, but this can only have occurred after the death of the dog, ‘as 
artificial respiration was very gently applied for a long time. Temperature in 
the rectum after death 99*4 F. 

November 8th. — No. 68. 

Monkey (fair-sized Macacus). Chloroformed at 2h. 10m, 45s. in box. 
Temperature of the room 24*5 Cent. Fallen down at 2h. 23m. 15s. On the 
teble at 2h.“ 27m. 45s, and kept quiet with chloroform from fime to time. 
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Temperature in rectum 100‘6 F. Carotid artery ligatured at 2h. 38m. Canula 
inserted at 3h. 40m. 30s. Ligature placed under both vagi. Junker’s lead 
tube inserted into an opening in the trachea and the chloroform administered 
through it. Connection made with manometers at 3h. 6m. 30s., but stopped 
again almost immediately on account of bleeding from the artery below the 
canula. Connection again made at 3h. 19m. 15 b. One Ludwig and one Fick 
tracing. During the tracings numerous attempts were made to irritate the 
right vagus, but it is not probable that the nerve had really boon exposed. The 
canula slipping at 3h. 38m., an attempt was made to place it in the right carotid, 
but failed, and tho experiment was closed by killing the monkey with chloroform. 

November 8th. — No. 69. 

Temperature of room 25 Cent. Full-sized pariah dog just brought in. 
Into chloroform box at 4h. 6m. Fallen down at 4h. 12m. 20s. Placed on tho 
'table at 4h. 13m. 30s. Artery ligatured at 4h. 18m. 50s. Breathing stopped 
at 4h. 19m. 40s. Artificial respiration until 4h. 20m. 30s. Temperature in 
rectum 103 ’2 F. Connection made with manometers at 4h. 29m. 30s. Two 
Ludwig and two Fick tracings. 

Ohben'atidm. 

H. M. rt, 

.A. 4 32 0. — Electrical irritation of the entire left vagus with the 
coils 5 cent, apart. 

B. 4 33 0. — The same, Fick reading 2. 

r 

C. 4 36 10. — Tho same, only coils approached to 0. Fick 3. 

D. 4 39 10. — The same. 

E. 4 39 65. — Administration of chloroform, daring which tho right 

vagus was accidentally irritated in the process of 
exposing it. 

F. * 4 41 30. — Electrical irritation, coils 0, of the entire right vagus, 

the animal being nearly out of chloroform. 

G. 4 42 10. — The same. Fick reading 6. 

H. 4 50 0, — Exposure of the sciatic nerve. 

I. 4 61 16. — ^Irritation of tho right vagus as before with simultaneous 

irritation of the sciatic nerve. 

J. 4 64 0. — The same, Fick reading 7. 

K. 4 54 30. — Ordinary administration of chloroform. 

L. 5 *l 0 .— Repetition of land K when the dog was “well under,” 

* vide Fick 9. 
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H. M. S. 

M. 5 5 0. — AdminiBtration of ether on a Bponge placed in a tin 

inhaler with the air-holee open. 

N. 6 9 0. — Repetition of I, K, and M,* under ether. 

O. 5 13 0. — The Bame. Vide Fick 11 ; the effect of irritating the 

vaguB not marked as before. 

P. 5 16 0. — Division of the right vagus. 

Q. 5 20- 0. — Irritation of the peripheral end of the right va^s 

while still under ether. 

R. 5 21 0. — Ditto when dog “ quite out’*. Chloroform was then 

pushed until death resulted, the heart shopping at 
5h. 25m. But the tracing was interrupted by a clot 
* in the tube. 

November 9th. — No. 70. 

Temperature of the room 20 Cent. Large-sized pariah dog. Into 
chloroform box at 9h. 42m. 50s. Fallen down at 9h. 45m. ISs. On the table at 
9h. 47m. Left carotid artery ligatured at 9h. 53m. 15s. and canula inserted into 
it. Loose ligature under right carotid and both vagi. Connection made with 
manometers at lOh. 2m. 40s. Two Ludwig and one Fick tracings. 

Ohsen'ations. 

" H. M. s. 

A. 10 3 30. — Clamping the right carotid artery so that both carotids 

were obstructed. 

B. 10 6 40.— Administration of ether in an open inhaler, through 

which there was free entrance of air during the clamp- 
ing of the carotid and after the clamp was taken off. 

C. 10 17 35.— Ligature and division of the right vagus. 

D. 10 19 10.— Peripheral irritation of the right vagus with a 5 cent. 

coil. Cornea insensitive. 

E. 10 20 15. — Repetition of D, vide Fick reading 7, 

F. 10 22 0.— Exposing sciatic nerve. 

G. 10 24 10,— Irritation of the sciatic nerve, coil, 5, No effect. 

H. 10 37 35,— Opening the trachea and fixing a tube in it. 

I. 10 39 66.— Adminisfaration of ether on a blotting f>aper cone held 

over the end of the tracheal tube. This, however, 
ihiled to keep the dog insensitive, although a little 
- ether was squeezed into the tube. 
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H, M. S, ^ 

J. 10 48 40.— Continued ether administration with the end of the 

. tube closed by compressing the cone and afterwards 

by squirting a little ether into the trachea. * . 

K. 10 51 508. — Artificial respiration in vain. 

Temperature after death 97*6 F. Post-mortem — Blood on both sides of 
the heart ; large plug of venous blood at the bifurcation of the trachea 
extending far down into the bronchi, probably the result of blood running into 
trachea, post-mortem, when the tube was taken out, as this was observed to 
happen in No, 71 after the tube was taken out. The upper readings on the Fick 
manometer tracing were produced by a system of Marey’s tambours connected 
with a pin stuck into the diaphragm. 

November 9th. — No. 71. 

Temperature of room 22*5 Cent. Full-sized pariah. Weight 30 lbs. Into 
box at llh. 2m. 40s. and chloroform commenced. Fallen down at llh. 6m. 
lOs. On table at llh. 9m. 45s. Kept quiet with chloroform. Respiration 
stopped at llh. 12m. Artificial respiration directly this was observed and con- 
tinued till llh. 12m. 50s, when spontaneous respiration recommenced. A good 
deal of haemorrhage from vessels in the neck. Two veins and one small artery 
.ligatured. Artery ligatm’ed at llh. 25m. Canula inserted at llh. 26m. 30s. 
into left carotid. Loops under both vagi, the right carotid and trachea. Tem- 
perature in rectum 99*4 F. Connection made with manometer at llh. 33m. 55s. 

T\^o Ludwig and one Fick tracing. 

Observattom. 

H. M. 8, 

A. 11 35 40. — Clamping of the right carotid so as to close both 

carotid arteries. 

B. 11 38 20. — Exposing the sciatic nerve. 

C. * 11 38 50. — Ordinary chloroform administration. 

D. 11 40 40.— Irritation of the sciatic coil 5 when hardly under 

chloroform, which was being pushed. 

E. 11 41 30. — Ligature and division of right vagus. 

F. 11 47^10. — ^Irritation of sciatic again after administration ot 

chloroform had ceased, but dog still under. 

G. 14 47 30.— Irritation of the sciatic again, but in the middle increas- 

ing the strength by moving the coil to 0 (Fick read- 
• ing 6). The irritation of the sciatic producedno effeqt. 

H. * 11 50 0. — Opening the trachea and placing a tube in it. 



62 


H. M, S. . • 

I. 11 62 0. — driving chloroform on a cone of blotting paper attach- 

ed to the tracheal tube. 

J. 12 0 40. — Administration of ether in the same way for a few 

seconds by mistake. 

K. 12 4 0. — Pulling at the right vagus. 

Ij. 12 4 50. — Irritation of the peripheral end of the right vagus, 

coil 5 during continued pushing of chloroform. 

M. Irritation of both right vagus and sciajic diudng 

continued pushing of chloroform. Stoppage of the 
respii’ation at 12h, 8m. Os. and spontaneous re- 
covery at 12h. 9m. 45s. 

N. 12 10 30. — Squirting ^ a drachm of chloroform into the tracheal 

tube, and — 

O. 12 11 30. — ^Irritation of the right vagus again. The end was 

obscured by a clot in the tubes. 

Temperature at death 98 F. 

November 9th. — No. 72.“ 

Temperature of the room 23'5 Cent. Full-sized pariah dog. Weight 
30 lbs. Into the chloroform box and chloroform given at 2h. 21m. 50s. 
Placed on the table at 2h. 25m. 35s. and kept quiet with chloroform. Stopped 
breathing at 2h. 24m. 15s. Artificial respiration until 2h. 35m. 45s. Tempera- 
ture 108*8 F. in the rectutn. Left carotid ligatured at 2h. 36m. 45s. Right 
jugular vein ligatured and canula inserted at 2h. 62m. Connection made with 
the manometer at 2h. 53m. 30s. One Ludwig and one Fiek tracing showing 
the effect of injecting ether and afterwards chloroform into the jugular vein. 
Temperature after death 102*2 F. Post-mortem— the blood in the* left side of 
the heart was clotted. 

Obseroatiom — • 

A. 2h. 58m. 45 b. — F ifteen minims of ether injected into the jugular ^ 
vein : no appreciable effect. At 2h. 59m. 40s. twenty minims of ether 
were again injected. Between 3h, Im. Os. and 3h. Im. 30 b. one drachm of 
ether was injected into the jugular vein and the blood-pnsssure fell very 
rapidly. The respiration stopped at 3h. 2m. Os. and the Fiek reading 2 
shows almost total arrest of the pulse tracing exactly similar to that caused 

■ ' ’ ' ' ■ ' — I ■ I * ' ■ 

* Nos. 72 and 78 may be grouped with Nos. 77^ 91| 92 and 98. 
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by vagus stimulation after cessation of the respiration from ohlor^nn 
poisoning. At 3h. 2m. 20s. artificial respiration was commenced and 

natural respiration was restored at 3h. 4m. 30 b. 

« ^ 

B. 3h. 8m. 30s. — Twenty minims of chloroform injected into jugular 
vein. The eifect waST precisely the same as that of the intravenous injec- 
tion of ether. Fick reading 4 with chloroform is identical with Fick 
reading 2 with ether. This and other experiments, when pure chloroform 
and ether were injected into the large veins of the neck, show that oven 
pure «hloroform or ether in the blood do not stop the heart till after they 
have produced narcosis and paralysed the respiration. 

The most important point in Experiment 72 is that after a considerable 
amount of ether had been injected into the jugular vein and a rapid condition 
of pulse had boon produced, the ofiect of injecting chloroform into the jugulars 
was much gi’oater, and tho fall of blood-pressure was much more rapid and 
dangerous than in the case when chloroform alone was injected. 

November 9th. — No. 73.' 

Temperature of the room 24 Cent. Full-sized pariah. Weight 32 lbs. 
Put into chloroform box at 3h. 28in. Fallen down at 3h. 35m. 40s. Placed 
on the table at 3h. 36m. 30s. Temperature 102‘2 F. in rectum. Jugular vein 
ligatured and canula inserted. Left carotid ligatm’od at 3h. 45m. Connection 
made with the manometers at 3h. 50m. One Ludwig and two Fick tracings 
during injection of ether (Fick 2) into jugular vein, aflerwards chlorolbrm 
(Fick 5) and again ether (Fick 9), which brought about death. Temperature 
after death 100 F. Post-mortem — Small clot in the left ventricle, which was 
filled with venous blood, clot in superior vena cava. Serous fluid in the 
pericardium.. 

Obsermtfons. 


n. M. s. • 

A. 3 53 10. — Injection of twenty minims of ether into deep jugular 

vein ; repeated at 3h. 53m. 358., 3h. 54m. 6s., and 
* 3h. 54m. 30s. The effect is shown in Fick reading 2. 

B. 3 £9 40. — Injection of twenty minims of chloroform into jugular 

vein ; the effect is shown in Fick reading 5 and is 
* identical with that produced by ether. 


* Nos. 72 and 79 may be grouped with Nos. 77, 91, 92 and 09. 
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H. M. S. 

G. 4 5 66. — ^Injection of twenty miniins' of ether. See Fick read- 
ing 9. The injection was followed by rapid fall 
of pressure; the respiration stopped at 4h. 6ni. 40 b.; 
gasping took place at 4h. 8m. Os. ; the thorax was 
opened at 4h. 9m. Os., and the heart was found still, 

with a clot in the left ventricle. The disastrous 

* 

effect of injecting ether after chloroform is well 
shown in this experiment. 

November 11th. — No. 74. 

Temperature of the room 19*5 Cent. Rather small pariah do^. Weight 
21 lbs. Into chloroform box at 8h. 13m. SOs. Fallen down at 8h. 17m. 
Placed on the table at 8h. 21m. 60s. Temperature in the rectum 100*4 F. 
Left carotid ligatured at 8h. 28m. 10s. Right jugulai- vein ligatured at 8h. 
33m. and canula inserted into left carotid 8h. 44m. Connection made with 
the manometers at 8h, 46m. 1 5s. Two Ludwig and three Fick tracings. 


Observations. 

H. M. s. 

A. 8 47 30. — Ordinary chloroform administration. 

B. 8 48 20.— Thrusting a needle into the heart. 


f C. 8 49 25. — Irritation with a 10 cent, coil of the right vagus'entire, 
(Fick reading 3). 

1 

D. 8 51 5. — Chloroform again rapidly. Stoppage of respiration and 
recovery with artificial respiration. 


E. 9 0 0. — ^Injection of atropine l-50th grain into the jugular vein. 


F, 9 6 40. — Chloroform administration again during struggling ; 

the respiration again stopping and necessitating 
artificial respiration. 


G. 9 14 25. — Irritation of the right entire vagus. 


H. . 9 16 50. — ^Injection of l-25th grain of atropine into jugular xein. 


I. 9 22 5. — Irritation of right vagus again when animal under • 
influence of atropine. Coils moved from 10 to 5 
and then to 0 (Fick 18). 


K. 9 34 30.— Pushing chloroform until death. 

Heart was still beating 3 minutes after the pulse bbcame imperceptible. 
Temperature after death 97*4 F. 

Post-mqjrtem— Two dracbms of blood in the pericardium ; no clot in heart, 
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• • 

November lltb, — No. 75. • 

Monkey (Macacns). Weight 15 lbs. Into chloroform box at lOh. 29m. SOs. 
Fallen down at lOh. 34m. 30s. Placed on the table at lOh. 47m. and kept quiet 
with chloroform from time to time. Temperature in the rectum 101 ‘8 F. Loop 
under both vagi. Artificial respiration lOh. 57m, 15s. to lOh. 58m. 58. Loft 
carotid ligatured at llh. Im. 30s. Canula inserted at llh. 4m. 608. Connection 
made with manomete’* at llh. 18m. 10s. Two Ludwig and two Fick tracings. 

Ohservatiom. 

H. M. s. 

A*. 11 19 0. — Ordinary chloroform administration. 

li. 11 21 20. — Holding ammonia before the nostril. 

C. 11 24 40. — Holding acetic acid before the nostril. 

D. 11 26 0. — Dropping a few minims of chloroform into the nostsil. 

E. 11 45 50. — Irritation of the entire right vagus, coil at 10 cents. 

(Fick 4). 

F. 11 48 0. — The same with the Ludwig manometer connected. 

G. 11 53 0. — ^Irritation of the entire right vagus, coil at 5 (Fick 5). 

H. 11 58 40.*— Irritation of the right vagus, coil at 0 (Fick 6). 

I. 12 2 20. — Tlu’usting needle into the heart. ^ 

K. 12 3 46. — Pushing chloroform until death. 

Needle entered the left ventricle. Teraperatiu’c soon after death 97 F. 

November 11th. — No. 76. 

{In ilte 'presence of His Iliyhness the Nizam.) 

Pariah dog. Weight 37 lbs. Tompcratiu’c of the room 23'5 Cent. Into 
chloroform box at 2h. 21m. 36s. Fallon down at 2h. 28m. 30s. Placed on the 
table at 2h. 30m. 508. and kept quiet with chloroform. Artificial respiration 
at 2h. 40m. 25s. and until 2h. 44m. 15s. Carotid ligatured at 2h. 41m. 6s. 
Temperature in the rectum 100 F. Loop under both vagi. Connection made 
with manometer at 2h. 48m. 25s. — Two Ludwig and two Fick tracings. 

Ohservatiom, 

11. M. 

A. 2 48 25. — Ordinary chloroform administration in several in- 

stances. 

B. 2 51 50. — Irritation of right vagus repeatedly (Fick 2— -4). 

C. ' 3 34* 5. — The same after the injection of atropine into the 

jugular veins (Fick 6). 
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H. M. S. . 

D. 3 40 0. — Thrusting needle into heart. 

C 

E. 3 42 30. — Inhalation of ammonia. 

. F. 3 43 0. — Pushing chloroform until after respiration had com- 
pletely stopped, and then 

Gr. 3 46 0.— Restoration by artificial respiration. 

H. 3 48 20. — Pushing chloroform until death resulted. 

Temperature after death 99‘4 F. 

November 12th. — No. 77. 

Temperature of the room 18‘5 Cent. Medium-sized pariah 26 lbs. Into 
chloroform box at 7h. 27m. 12s. Fallen down at 7h. 36m. 50s. On the table 
at 7h. 38m. SOs. Artery ligatured at 7h. 50m. 10s. Temperature in the rectum 
9^’2 F. Canula inserted into the left carotid at 7h. 58m. 50s. Right jugular 
ligatured at 8h. 3m. 10s. Connection made with manometer at 8h. 13m. 
Three Ludwig and one Fick during repeated injection of ether into the 
jugular vein in doses of first 20m., then 40m., and 60m., and finally 120m. One 
injection of 60m. was also made into the thigh subcutaneously. When the 
pulse was no longer porceptilfie, a needle was thrust into the chest, but did not 
reach the heart and consequently did not move. ' The dog was still gasping 
occasionally until the thorax was opened at 9h, 12m., when the heart was 
found to have ceased beating, but rhythmical waves in the heart-wall occurred 
until 9h. 24m., although the heart had been removed from the body and cut 
open. Temperature after death 98 F. Post-mortem — Large clot in left ven- 
tricle. Right side full of clots. 

Observations, 

H. M. s. 

A. 8 13 30. — Ether 20 minims injected into jugular vein ; no effect. 

B. 8 18 20. — Repeat injection of 20 minims of ether ; this injection 

was followed by slight fall of blood-pressure. 

C. 8 19 50. — Another 20 minims of ether injected into the junior 

vein. The fall of blood-pressure again occurred to * 
a greater extent. , 

D. 8 24 10. — Repeat ether injection. A still further fall of pressure 

is noticeable ^nd the recovery from this fall was 
slow. 

E. 8 27 20. — ^Forty minims of ether injected into the jugular vein. 

A very rapid and deep fall of blood-pressure took 
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place and the pulse tracing disappeared {vide Fick 4). During recovery 
at 8h. 32m. Os. and 8h. 35m. Os. the blood-pressure twice rose ^.nd fell 
again in a remarkable manner without any apparent cause. (Compare 
with Experiment 117, Observation G at 9h. 23m. 60s. to 9h. 25m. 16s). 
The condition of respiration was not recorded at these times. 

F. 8h. 40m. Os. — Repeat injection of 40 minims of ether into 
jugular. During recovery at 8h. 47m. 40s. a drachm of ether was injected 
subcutaneously into the thigh. Recovery was arrested and a slight fall of 
pressure took place ; but no marked effects were produced. 

G. 8h. 50m. 20s. — ^Injection of 60 minims of ether into jugular vein. 
This was followed by rapid fall of pressure and complete loss of pulse 
tracing, and the respiration stopped at 8h, 53m. Os. The pupils were 
widely dilated. The animal began gasping at 8h. 64m. 40s, and recovery 
gradually took place, but the blood-pressure was not fully restored. 

H. 9h. 7m. 40s. — ^Repeat injection of ether into jugular vein. This 
time 120 minims were injected. The , pressure rapidly fell .again and the 
respiration stopped for 20 seconds, after the injection was concluded. A 
few gasps took place at. 9h. 10m, Os. ; the thorax was opened at 9h. 12m. 
Os. and rhythmical wave-like movements were observed in the vehtricul.ar 
walls of the heart, which continued until 9h. 24m. Os. after the heart had 
been removed from the body. Largo round clots were found in the left 
ventrical extending into the aorta ; and the right side was full of clot. 

Experiment 77 shows that the effect of ether is precisely the same as that 
of chloroform, only l§ss intense. Like chloroform, ether, when efficiently 
given, produces first narcosis, then stoppage of the respiration and then death. 
AU the ‘observations in the experiment show that every time ether was 
injected into the blood, a fall of blood-pressure was produced ; and yet it is 
thd practice now-a-days to inject ether subcutaneously when chloroform 
poisoning occurs. It would be just as sensible to inject chloroform sub- 
cutaneously in cases of poisoning firom other. Cases have oven been recorded 
recently where ether has been injected subcutaneously in ether poisoning. 
This manifestly dangerous and unsound principle of treatment arises from 
the fact that ether is regarded as a safe stimulant, whereas it merely quickens 
the heart’s beats.* -Experiment 77 shows that it is not a reliable stimulant 
under any circumstances. 
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, November 12th. — No. 78, 

Mqnkey (Macacus). Weight 10^ lbs. Temperature of the room 21 Cent. 
Into chloroform box at lOh. 4m, 30s. On to table at lOh. 9m. 23s, and kept 
quiet with chloroform. Temperature in rectum 98' F. Artery ligatured at 
lOh. 34m. 50s. Loops under both vagi. Connection made with manometer at 
lOh, 46m. 30s. Two Ludwig and one Fick tracing. 


II. M. s. Observations. 

A. 10 49 0. — Ordinmy chloroform administration. 

B Violent struggling with great irregularity of blood- 

pressure. 

C. 10 54 20. — Dropjjing chloroform into nostril ; effect of struggling 
again shown. 


D. 10 55 20. — Pushing chloroform until respiration stopped, 

E. 11 6 20. — Mechanical iiTitation of the right vagus. 

F. 11 7 0. — Electrical irritation of the entire fight vagus, coils 

10 cent, distant (Fick 8). 

G. 11 10 50. — Ligature of the right vagus. 

H. 16 26 35. — Division of the same. 

< I. 11 29 40.-— Irritation of the periphcrdl end of the right vagus, coil 
at 10 (Ludwig tracing). 

J. 11 31 0.— The same, only coil at 5 (Fick 9). 

K. 11 33 0. — Injection of ati’opine into the peritoneal cavity. 

L. 11 39 40. — Irritation of the peripheral right vagus again, coil 

5 (Fick 11). 

M. 11 45 30. — The same, only coil 0. 

The effect upon the blood-pressure of pushing chloroform .was not 
nearly so great as in previous experiments, though the animal was very readily 
put “ under 

Hopeless clotting stopped the manometer at llh. 56m. 20s., and the monkey 
was given chloroform finally with the view of killing it. Respiration stopped 
at 12h. 4m. 40s. ; pulse perceptible until 12h. 6m. 30s. Heart flag-moving 
until 12h. 9m. 55s. Thorax opened and heart still beating rhythmically at 12h, 
11m. 35s,, a little blood passing into the aorta at each beat. The contractions 
became partial and ineffective at 12h. 18m. 40s., but werc're-eBtablished by 
compressing the septum and continued until 12h. 28m. Irregular flickering 
continued even after this for some minutes. Temperature 98 F. in the rectum# 
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November 12th. — ^No. 79. . 

■ o , Good-eized pariah, weight 33 lbs., that has had two doses of phosidiorus — 
one yesterday, the other to-day, each l-16th of a box of James’ beetle paste. 
Into chloroform box at 2h. 9in. 34s. Fallen down 2h. 23m. 39s. Placed on the 
table at 2h. 24m. 26s. Respiration stopped at 2h. 24m. 45s. Artificial respira- 
tion until 2h. 27m. 398. Artery ligatured and canula inserted at 2h. 36m. 13s. 
Tomporaturc in the rOctum 100 F. Connection made with tho manometer at 
2h. 39m. 308. Two Ludwig and one Fick tracing. 

«> 

H. M. 8. Olsei'vations. 

A. 2 41 50. — Change to the vertical position of the body. 

li. 2 43 10. — Chloroform administration while in tho vertical position. 


C. 2 44 45. — Ammonia inhalation do. 

1). 2 46 40. — Squirting chloroform into the nose do. 

E. 2 49 40. — filvulsion of the nails do. 

F. 2 50 55. — Jjxtraction of teeth do. 

G. 2 52 55. — Violent slap with open hand on abdomen do. 


II. 2 54 30. — Restoration to the recumbent position on the table. 

I. 2 56 20. — Inversion of the body so that tho dog was com- 

■ plctoly head downwards and again lowering to the 

recumbent position. 

J. 2 57 40.— Chloroform administration in the ordinary position. 

K. 3 1 0. — Attempts to pass grooved staff and Thompson’s dilators 

into the bladder. 

L. . 3 15 5.— Slitting prepuce. 

* M. 3 17 20. — Pushing chloroform carelessly until after respiration 
. had ceased. 

* 

Temperature aftSr death 99 F. The organs did not appear to be fatty. 

November 13th. — No. 80. 

Large monkey (Macacus), 21 lbs., caught in the hospital compound. Into 
chloroform box at 3h. 31m. 388. On tho table and kept quiet with chloroform 
3h, 37m. 408, Temperature 100*2 F. Canula inserted into left carotid. Loop 
under both vagi. Connection made with manometers at 2h. 39m. 30s. 
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Two Ludwig and two Fick traciags. 

. H. M. B. Ohservatiom. 

A. 4 7 40. — Ordinary chloroform administration. The effect of 

struggling is well shown. 

B. 4 11 0. — Irritation of right vagus, entire, coils 8^ cent, distant 

(Fick 4). 

C. 4 14 10. — Irritation of left vagus, entire, 8^ coil (Fick 5). 

D. 4 14 60. — Chloroform again, ^ 

E. 4 17 45. — ^Injection of |th grain atropine into peritoneal cavity. 

F. 4 19 30. — Irritation of right vagus, coil 8^ again (Fick 6). 

G. 4 20 30. — Irritation of entire left vagus, coil 0 (Fick 7). 

H. 4 22 30. — Pushing chloroform until respiration stopped com- 

pletely, and restoration by artificial respiration. 
The effect of stniggling is well brought out in this 
observation. 

(Manonwtcr tracing was interrupted at 4h. 33ra. to 
divide the left splanchnic nerve and started afresh' 
at 4h. 49m. SOs. after cutting the left splanchnic 
nerve which did not appear to effect pressure much.) 

I. 4 50 40. — Administration of chloroform for a short time. 

J. 4 53 0. — Evulsion of nails. 

K. 4 56 30? — Squeezing and afterwards smashing the testicles. 

L. 4 58 20. — ^Pushing chlorofonn. 

M. 4 59 0. — Thrusting needle into the heart and death.. 

Slow gasping movements of the chest continued after the heart had ceased 
to beat. Temperature after death 98*2 F. Post-mortem — There was very li^e 
haemorrhage into the abdomen. The left splanchnic divided, right intact. No 
clot in heart. 

t 

November 13th. — No. 81. 

Medium-sized pariah dog, weight 30 lbs., which has been dosed with phos- 
phorus for 2 days, l-16th of a box of paste each day. Into chloroform box at 7h. 
60m. 30s. Fallen down at 8h. Im. Placed on the table at 8h. 4m. 20s. Carotid 
ligatured at 8h. 14m. 10s. Canula inserted at 8h. 19m 30s. Temperature 
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100*4 F. in the rectum. Connection made with manometers at 8h, 25m. 10s, 
Loops under both vagi. Two Ludwig and one Fick tracing. 

H. M. B, OhservaUcm. 

A. 8 28 30. — Application of bicarbonate of soda to the entire 

right vagus. 

B. 8 30 35. — Change to the vertical position and restoration to the 

recumbent again. 

C. 8 33 20. — Chloroform administration. 

D. 8 37 10. — Blow on testicles. 

E. 8 41 0. — Pushing chloroform with struggling until respiration 

ceased {vide Fick 5 and 6). 

F. 8 42 10. — Artificial respiration. 

G. 8 47 30.— Injection of J^th grain atropine into the peritoneum. 

H. 8 53 10. — Irritation of right entire vagus, coil at 0. 

I. 8 56 0. — The same (vide Fick 9). 

J. 8 57 30. — Pushing chloroform with violent struggling. 

Fall of pressure very rapid, and the dog died in spite of artificial respiration. 
A clot in the vessels interrupted the tracing before the heart stopped. Tempera- 
ture after death 97*4 F. Post-mortem — Organs not particulariy fatty. ^ 

November 13th. — No. 82. 

Good-sized monkey (Macacus). Weight 15 lbs. Temperature of the 
room 20‘5 Cent. Into chloroform box at lOh. 57m. 18s. Fallon down at lOh. 
4m. 178. On the table at lOh. 6m. 52s. and kept quiet with chloroform. 
Artery ligatured at lOh. 35m. 53s. Canula inserted at lOh. 39m. 30s. Temper- 
ature 99*2 F. in the rectum. Connection made with manometers at lOh 47m, 
50s. Two Ludwig and one Fick tracing. 

H. M. s. Ohservatiom. 

A. 10 53 30. — Chloroform administration on a cap in the ordinary 

way ; violent struggling, 

B. 10 5S 10. — Pushing chloroform imtil respiration stopped ; re- 

covery without artificial respiration. 

C. 11 10 20.— Division of both vagi. 

D. 11*19 10. — ^Pushing chloroform until death resulted, 

Temperature after death 99*4 F. 
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November 13th. — No. 83. 

Medinm-Bized monkey (Macacus). Weight 12 lbs. Temperature of the 
room 23 Cent. Into chloroform box at 2h. 21m. 33b. Fallen down at 2h. 30m* 
15b. Placed on table at 2h. 32m. 10b. Carotid ligatured at 2h. 39m. 35s. and 
canula inserted. Temperature in the rectum 103‘2 F. Kept quiet with chloro- 
form until connection made with manometers at 2h. 46m. 15s. Three Ludwig 
and ono Fick tracing. 

Ohsermtions. 

H. M. s. 

A. 2 47 0. — Gradual coming out of chloroform. 

, B. 2 49 0. — Ordinary chloroform administration with struggling, 

showing gi*eat irregularity of the blood-pressure. 

C. 2 52 0. — Change of position to the vertical, during which — 

■ D. 2 53 0. — Extraction of teeth. 

E. 2 55 20. — More chloroform and struggling at intervals. 

F. 2 58 30. — Restoration to recumbent position. 

G. 3 5 0. — Exposure of the ulna nervo at the elbow. 

,.H. 3 7 0. — Tugging ai the ulna nerve. 

I. 3 8 20. — ^Incision into abdomen over the stomach. 

J. 3 16 0. — Ligature of a glass tube into that organ ; stitching 

of the abdominal wound. 

% 

K. 3 19 20. — Inflation of stomach ;'with air and suddenly allow- 

ing the air to escape. 

L. 3 25 0. — Re-opening the wound and re-adjusting the stomach 

tube and re-stitching the abdominal wound- 

M. 3 42 40. — Injection of hot water into stomach. 

N. 4 0 0. — Injection of one-twelfth grain apomorphine into peri- 

toneum. 

O. 4 1 0. — Placing a thermometer in the rectum. 

P. 4 2 30.— Artificial respiration at times, the respiration being 

gasping and irregular. . 

Q. 4 9 40.— Iced water into stomach : running'^ out through the 

nose. 
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Experiment interrupted by hopeless clotting at 4h. 12m. Stopped breath* 
ing at 4h. 17 m. 40s. The heart-needle stopped moving a few secon(^8 before 
the thorax was opened and the heart was found to be quite still. Temperature 
after death 97‘8 F. 


November 14th. — No. 84. 

Temperature of room 19*75 Cent. Medium-sized, well-nourished pariah 
dog, weight 36 J lbs., who has had daily doses of phosphorus for throe days. 
Chloroform commenced in box at 7h. 37m. Fallen down at 7h. 42m. On table 
at 7h. 44m. 46s. Artery ligatured at 8h. 52m. and canula inserted. Tempera- 
ture in the rectum 100'8 F. Connection made with manometers at 8h. 10m, 
30s; Two Ludwig and one Fick tracing. 

’ H. M, s. Ohservations, 

A. 8 13 20.— Division of rectus muscle of the oye-ball. 

B. 8 16 20. — Blow on the testicle. 

C. 8 24 0. — Chloroform administration repeatedly, often accom- 

panied by struggling. 

D. 8 24 40. —Evulsion of nails. 

E. 8 26 39. — Snipping anus. * 

F. 8 27 0.-=-Pushing chloroform until respiration ceased. 

G. 8 29 40. — ^Artificial respiration. 

H. 8 41 0. — Exposure, ligature, and division between ligatures of 

both vagi. 

I. 8 45 30. — Pushing* chloroform until respiration ceased ; fatal 

result {vide Fick 8). 

From the character of Fick reading 8 and the Ludwig tracing jUst be- 
fore, it is doubtful if the vagi were really divided. Temperature after death 97 F. 

• In this experiment the absence of any effects from the operations which 
are usually said to be dangerous under chloroform is well brought out ; also the 
rajud and irregular falls of the . blood-pressure when the animal struggles 

ahd breathes irregularly during the inhalation of the anaesthetic. 

* " * 

November 14th. — No. .85. 

Temp6rature*of the room 21 jCent. Medium-sized dog, weight 301 lbs„ 

that has had phosphorus daily for 3 days, i-16th of a box, Into chloroform 
10 * ■ • 
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box at 9h. 42m. Fallen down at Oh. 45m. IOb. Placed on the table at 9h. 46m. 
458., after which its breathing was noticed to have stopped. Artificial respira- 
tion was commenced at once, but failed to bring him round, although there 
was a pulse some time after it commenced. 

This is a case where a weak sick animal was left in the chloroform box 
too long, and its respiration neglected while it was being transferred to the 
table. 

November 14th. — No. 86. 

i 

Monkey (medium-sized Macacus). Weight 11 lbs. Into chloroform box 
at lOh. 27m. 22s. Fallon down at lOh. 13m. 15s. Placed on the table and 
kept quiet with chloroform. Carotid ligatured at lOh. 33m, 40s. Canula in- 
serted at lOh. 39m. 30s. Temperature in the rectum 101 F. Connection mada 
with the manometers at lOh. 44m. Three Ludwig and one Fick tracing. 

Ohservations-. 

H. M. S. 

A. 10 45 20. — Small incision into abdomen. 

B. 10 47 10.— Administration of chloroform : struggling, and irrogu- 

, larity of the blood-pressure. 

C. 10 49 50. — Injection of l-12th grain apomorphine into abdominal 

cavity. (The animal then lay almost perfectly 
quiet without more chloroform for almost an hour, 
during which ho was given another dose of apo- 
morphine l-12th grain.) 

D. 11 43 30.— Pushing chlorofonn, with struggling, until respiration 

ceased ; recovery with artificial respiration. 

E. 11 46 0. — ^Thrusting a needle into the chest but not into the heart. 

F. 11 51 30.~Effect of letting the tongue dro*p. 

G. 11 54 30. — Eopetition of D and E, and thrusting a needle into the 

heart. 

H. 12 19 0.— Injection of atropine, J grain, in abdomen, and finally 

■ • pushing chlorofonn until death resulted. 

Thorax opened at 12h. 26m. respiration having stopped, but afterwards 
there were again regular movements of the diaphragm, which continued off and 
on until 12h. 23m. 50s., when they finally stopped. The tracing was stopped 
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by hopeleBS clotting at 12h. 31m. Heart stopped ‘very gradually, but not 
finally until 12h. 37mi Temperature after death 96*4 F. 

November 14th. — No. 87. 

Mr. Ulett’s bull dog, weight 31 lbs., suflering from tumours in the inguinal 
region. Into chloroform box at 2h. 14m. lOs. Fallen down at 2h. 23m. 10s. 
Placed on the table and kept quiet with chlorofonn. Temperature in the 
rectum 102 F. Loops under both vagi. Artery ligatured at 2h. 34m. 30s. 
Canula inserted 2h. 40m. 20s. (Connection made with manometers at 2h. 43m, 
40s, Ono*Ludwig and one Fick tracing. 

II. M. s. Ohservattons. 

A. 2 46 30.— Ordinary chloroform administration. 

B. 2 48 0. — Irritation of entire right vagus with coils at 5 centi- 

metre distance. 

C. 2 53 50. — Pushing chloroform, with accidental compression of the 

neck by a strap (vide Fick 3). The same slowing 
of the pulse was produced as is observed when tho 
vagus is irritated. 

{ Pushing chloroform until respiration completely 
ceased. 

Failure to restore the animal by artificial respiration. 
Temperature after death 101 '2 F. 

November 14th. — No. 88. 

Temperature of room 24 Cent. Medium-sized pariah dog. Weight 30 lbs. 
Into chloroform box at 3h. 22m. 26s. Fallen down at 3h. 24m. 45b. Placed on 
the table at 3h. 26m. 25s. Artery ligatured at 3h. 37m. Temperature in the rec- 
tum 100’2 F. Canula inserted at 3h. 40m. 538. Connection made with manometers 
at 3h. 5Qm. 11s. Loops under both vagi. One Ludwig and one Fick tracing. 

H. M. s. Ohservations. 

A. 3 51 0. — Pushing chloroform accompanied by struggling until 
respiration stopped. (Tho trace is spoilt by the 
drum not rotating for nearly a minute.) Tho fall of 
pressure was extremely rapid and irregular. Fick 
2 shows that when the respiration is stopped by 
an over-dose of chloroform, a condition of pulse 
similar to that caused by vagus stimulation may be 
produced. 
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H. H. 8. 

B. 3 52 50. — Recovery with artificial respiration, 

C. 3 59 20. — Pressure on abdomen, 

■ Pushing chloroform again until respiration stopped. 
Division of both vagi while the animal was deeply 

4 10 under. Pick 5 shows that after division of the 

vagi the slowing of the pulse observed in stop- 
page of the respiration in chloroform poisoning 
did not occur. 

E. 4 4 0. — Gradual fall of pressure and death in spite of artificial 
respiration. 

Temperature after death 98’4 F. 

November 15th. — No. 89. 


Temperature of the room 21 Cent. Unusually large brindled dog. Weight 
88 lbs. Into chloroform box at 7h. 38m. Fallen down at 7h. 46m. 20s. 
Placed on the table 7h. 48m. 50s. Temperature in the rectum 99*8 F. 
Left carotid ligatured at 8h, 2m. 5 b. Connection made with manometer at 8h. 
6m. 30s. Four Ludwig and two Fick tracings. 

Ohservatiom. 

H. M. s. 

A. 8 10 45. — Chloroform administration with struggling (the excur- 
sions of the marker had previously been unusually 
great), and pushing the same until respiration 
ceased. 


B. 8 24 20. — Artificial respiration and gradual recovery. 

C. 8 29 30. — Division of both vagi. 


D. 8 38 10.— i 


Administration of chloroform again until respiration 
ceased, and 

Artificial respiration as before. 


E. 8 47 40. — Compression of the chest and administration of chloib- 

form on a saturated sponge at the moment the chest 
was released. « 

F. 8 51 0. — Pressure on abdomen. 
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H. M. B. 

G. 8 61 0. — Pushing chloroform again until respiration stopped : 

and artificial respiration as before. 

H. 8 55 40. — Tracheotomy and insertion of a large glass tube into 

the trachea. 

I. 8 59 0. — Repetition of F by stopping the tracheal tube when the 

chest was in the expiratory position, holding chloro- 
• form in front of the tube, and then suddenly opening 
it. 

Jf 9 5 40. — Continued administration of chloroform by holding a 

sponge or towel before the end of the tube. 

K. 9 7 15. — Closing the tracheal tube so as to cause asphyxia. 

L. 9 12 25, — Administration of chloroform by Junker’s tube intro- 

diiced into the tracheal tube, which remained open, 
and pushing it again until respiration stopped, and 
artificial respiration as before. 

M. 9 26 10. — Administration of ether in the same way, but this 

failed to keep the animal thoroughly under. After 
chloroform had been again given the manometer 
was disconnected in order to divide the -medulla 
oblongata. 

All attempts to reconnect after its division failed on account of clot in the 
vessel, and the heart ceased beating at llh. Temperature at llh. 6m., 96 F. in 
the rectum. 

In this experiment slowing of the pulse, in Observations A and B, 
which occurs when the respiration fails from over-dosing with chloroform 
is shown [vide Fick 6 and 9). This effect is not produced after division of the 
vagi {mde Fick 10 and 11). The effect of asphyxia in lowering the blood- 
piassure is also seen in the Ludwig tracing at 9h. 7 m. 20s. and 9h. 9m. 408. 
The difference in intensity between diluted chloroform and diluted other, 
administered in precisely the same way, is brought out in Observations 
L and M. 

November 16th. — No. 90. 

Medium-sized strong pariah, given 1 grain of morphine hypodennicaUy at 
2h. 24m. lOs. Temperature of the room 24^ Cent. Salivated a good deal at 
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2h. 33m. and afterwards went to sleep. At 4h. 15m. he was still irritable and 
unfit for experiment. 

November. 15th. — No. 91. 

Large pariah dog, 38 lbs. Temperature of the room 24’5 Cent. Chloroform 
given at 2h. 34m. 45s. . Fallen down at2h. 41m. 30s. On the table at 2h. 43m. 
15s. and kept quiet with chloroform. Temperature in iJie rectum 100‘4 F. 
Right jugular vein ligatured at 2h. 51m. Canula into carotid at 2h. 58m. 6s. 
Connection made with manometers at 3h. Im. 30e. The pressure in the mano- 
meter had been arranged a little too high before commencing, so* that some 
bicarbonate of soda must have ’been shot into the vessel. No convulsions 
occurred. Three Ludwig and one Fick tracing, 

Ohservatiom. 

ir. M. s. 

A. 3 6 0. — A long period in which the dog was left without chloro- 

form and occasionally struggled. 

B. 3 35 20. — Injection at difterent times of 5 doses of chloroform, 

20 minims each (except in one instance when about. 
5 minims or possibly more was spilled), into the 
jugular vein. After the 5th dose the dog died, 
the heart stopping at 4h. 13m. Temperature in 
rectum at death ,97’2 F. Post-mortem. — No clots 
in heart. 

November 18th. — No. 92. 

Temperature of the room 23 Cent. Large-sized pariah dog. Weight 
33^ lbs. rather thin. Into chloroform box at 7h. 24m. 43s. Fallen down at 
7h. 28m. 53s. On the table at 7h. 29m. 37s. Artery ligatured at 7h.*41m. 8s. 
and canula inserted. Temperature in the rectum at 7h. 42m. 30 b., 100*6 F. 
Jugular vein tied at 7h. 61m. 47s. Connection made with the manometers* at 
7h. 58m. 20s. Three Ludwig and one Fick tracing during repeated injections 
of chloroform into jugular vein. Nine doses were given in the course of an 
hour, and death ensued very gradually. Temperature after death 97 F. 
Post-mortem — After the chest was opened 5 or 6 regular movements of opening 
and shutting the jaws coincident with rhythmical contractions^ of the diaphragm 
occurred. The heart was quite still in all its cavities. There were no clots 
in the heart. No sign of the needle in the heart. 



79 


A. 8 

B. 8 

C. 8 

D. 8 


M. S. 


Observations. 


0 15.— Twenty minims of pure chloroform injected into the 
jugular vein. • 

2 40. — Repeat. 

3 50. — Repeat. 

5 55. — Repeat. This injection was followed by lowering of 
the blood-pressuro, which never rose again. The 
injection of twenty minims of chiorofonn was repeat- 
ed at 8h. 13m. 20s. ; 8h. 14m. 10s. ; 8h. 40m. 30s. ; 
8h. 43m. 20s.; and 8h. 46m. 10s. It seems clear from 
experiment No. 92 that direct action of chloroform 
upon the heart substance is not the cause of the fall 
of blood-pressure that occurs when it is inhaled. 
Repeated injections of twenty minims of pure chloro- 
form were made into the jugular vein, and the effect 
was not to paralyse the heart, but to produce 
narcosis with a gradual fall of pressure exactly as 
if the chloroform had been inhaled. Compare 
with Observation D of Experiment No. 64. 


November 18th. — No. 93. 

Temperature of the room 24 Cent. Largo pariah dog. Weight 33^ lbs. 
Into chloroform box at 9h. 59m. Fallen down at lOh. 5m. 25s. On the table at 
lOh. 8m. 27s. and kept quiet with chloroform. Artery ligatured at 8h. 20m. 
50s. Canula inserted at 8h. 22m. 22s. Temperature in rectum 99-8 F. Con- 
nection made with manometer lOh. 28m. 45s. Two Ludwig and one Fick 
tracing during injection of other into the jugular vein with at the same time 
injection*of solution of hydrochloric acid (0-8 per cent.) in normal saline solu- 
tion into the femoral vein. Notice also effect of thrusting needle into heart. 
Temperature 101-2 F. after death. Post-mortem — Heart very much distended. 
Right ventricle full of clot. Loft free. Superior and inferior vena cava and 
pulmonary artery filled with clot. 


H. M. 8. Observations. 

A, 10 30 10.— Ether on an ordinary cap until lOh. 39m. 40s. The 
^ animal was quiescent, but complete narcosis was 

not produced. A great deal of frothy fluid accumu- 
lated in the trachea. 
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H. M. B. 

* 

B. 10 40 20.— Twenty minimB of ether injected into the jugular 

. vein. The injection was repeated at lOh. 41m. 10 b. 

and lOh. .42m. 15s. and each time the blood-pressure 
fell and jrose again in 40 or 50 seconds. At 
lOh. 47m. 10s. and again at lOh. 52m. SOs. forty 
minims of ether were injected. There was on each 
of these occasions a very rapid and prolonged fall 
of blood-pressure and a slow weak pulse with 
very difficult recovery. 

C. 11 1 30. — ^Injection of sixty minims of ethor into the jugular 

vein. The fall of blood-pressure was immediate 
and rapid, and the pulse tracing became almost 
imperceptible {vide Fick 6 and 7). The pressure 
remained low’ until llh. 5m. 208., when slight 
recovery took place {vide the Ludwig tracing at 
llh. 5m. Os.) At llh. 6m. Os. sixty more minims of 
ether were injected into the jugular vein and this 
injection caused stoppage of the respiration and 
death. Post-mortem gasps occurred as in Experi- 
• ment J^o. 92. The heart was found full of 

venous clot. 

November 18th. — No. 94. 

The dog in No. 90 having escaped from the cage, another dog was given 
2 grains of morphia at 8-20 a.m. At 10 o’clock he was still irritable and unfit 
for experiment, for, although sleepy and at first sight apparently insensitive, he 
could be easily aroused by even painless stimuli and then ran about in an ex- 
cited wild way. 

November 18th. — No. 95. 

Ten^rature of the room 254 Clent. Monkey (medium-sized Macaous). 
Held down on table and given ether on a cap at 2h. 50m. 45s., his temperature 
in rectum being 102*4 F. at that time. Ether stopped at 2h. 51m., the animal 
being quite quiet, though cornea not insensitive. Respiration chiefly abdofiii- 
nal, 68 per minute. Artery ligatured at 3h. 7m. 45s., and loop placed under 
left vagus. Oanula inserted into artery at 3h. 11m. 33s. Left jugular acci- 
dentally cut ; BO ligatured. Loop under right vagus and right carotid. Ether 



81 


given novr and again during above proceedings. Cenneption made with mano- 
meter at 3h. 26m. 50s. Two Ludwig and three Fick tracings. 

H. M. s, Ohsqrvations, 

A. 3 26 50. — The quiescent condition, not anresthosia, produced 

by ether, 

B. 3 28 10. — ^Irritation of the nostril by chloroform, and 

C. 3 29 *15. — Ammonia. 

D. 3 36 5. — Clamping of the right carotid so as to cut off both 

carotids. 

E. 3 35 0. — Extraction of teeth with the key, (Ftc/e Fick reading 

marked “ 6 ” on the Fick tracing, but noted as 
“ 5 ” on the Ludwig tracing.) 

F. 3 50 10. — Exposure and irritation of die sciatic nerve. 

G. 3 53 30, — Irrigation of the entire right vagus coil 10 producing 

coughing (Fick 8). 

H. 3 54 40. — Irritation of the entire left vagus coil 10 (Fick 9). 

I. 3 55 50. — Irritation of the entire right vagus coil 5 (Fick 10). 

(The effect of irritation of the right was loss than 
that of the loft vagus). 

J. 4 0 30, — Ligature and division of the right vagus (Fick 11). 

K. 4 14 55.— Irritation of central right vagus coil 5 (Fick 14). 

L. 4 17 15. — Irritation of peripheral right vagus coil 5 (Fick 15). 

M. 4 20 0, — Ligature and division (Fick 16) of loft vagus. 

N. 4 21 30. — Irritation of central left vagus coil 5 (Fick 17). 

O. 4 25 0. — Irritation of peripheral left vagus coil 5 on two occa- 

sions (Fick 18, 19), but doubtful if the nerve was 
really irritated in the first. 

P. 4 37 0. — Pushing ether on cap closely applied over muzzle 

until death ensued. 


Manometer stopped on account of clot at 4h. 45m. Needle into heart ; 
hardly moving. Thorax opened 4h. 46m. 208. Heart still. 

No cbts in -the heart cavities. Temperature at 4h. 35m. 408. in the 

rectum 100*2 F. 

11 
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.November 19th. — No. 96. 

Teiriperature of the room 23 Cent. Medram-sized female monkey 
(Maoacus). Weight 11 J lbs. Into chloroform box at 9h. 23m. Fell down at 
9h. 31m. On the table at 9h. 33m. Temperature in rectum 100‘4 F. Artery 
ligatured at 9h. 52m. 50s. Canula inserted at 9h. 58m. Connection made with 
manometer at lOh. 6m. 40s. Two Ludwig and one Fick tracing. 

H. M. s. Observations. 

A. 10 8 20. — Ordinary chloroform administration. 

B, 10 16 40, — Bandaging the abdomen, 

0. 10 21 0. — Bandaging the lower chest with plaster of Paris. 

Death ensued from asphyxia and in spito of artificial respiration after re- 
moval of the bandage. Post-mortem — Heart cavities firmly contracted after 
death, and lungs engorged. Trachea full of froth. I’empcrature at end of 
Experiment 96‘2 F. in rectum. 

November 19th. — No. 97. 

Medium-sized female monkey. Weight 9f lbs. Temperature of the 
room 23 Cent. Into chloroform box at lOh, 50m, Fallen down at lOh. 58m. 
30s., and placed on the table. Temperature in rectum 102‘4 F. Artery liga- 
tured at llh. 11m. 10s., and canula inserted. Connection made with mano- 
meters at llh. 24m. 50s. One Ludwig and one Fick tracing. 

H. M, s. Ohsen'atimis. 

A. 11 26 30. — Struggling. 

B. 11 27 30. — Application of a plaster of Paris bandage to the chest 

to imitate stays, and of 

C. 11 32 0. — A tight broad tape round the lower part of the abdo- 

men to imitate the effect of petticoats. 

D. 11 33 0. — Pushing chloroform until respiration stopped. * 

Death ensued although the bandages were quickly removed and in spite 
of artificial respiration. Post-mortem — Blood, arterial, in left side of heart. 
Temperature after death 102*4 F. 

November 19th. — No. 98. 

Small monkey fastened on to the rabbit board at 3h. 14m. 30s. A pin 
placed in ti]^ heart and connected by a thread with a time-marker writing on a 
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quick revolving drum (the same as is used for the Fiok manometer). The 
experiment was imperfect, but a few readings are preserved showing, effect of 
placing ammonia before the nose. 

November 20th. — No. 99. 

Small rabbit on to rabbit board at 7h. 30m. with a needle in its heart attach- 
ed by a long thread .to a time-marker. The trace shows the effect of holding 
ammonia before the nose. 

• November 20th. — No. 100. 

A monkey arranged in the same way. One trace showing the absence 
of any effect when ammonia is held before the nose, corresponding to that which 
occurs in the rabbit. 


November 20th. — No. 101. 

Small rabbit arranged as above and chloroform held before his nose. One 
tracing incorporated with tho first tracing of 102. 

November 20th.— No. 102. 

Another rabbit in the same way. Chloroform given as before. Two 
tracings. 

November 20th. — No. 103. 

Large monkey. Weight 16^ lbs. Temperature of the room 24 Cent. 
Into chloroform box at 9h. 8m. 44e. Fallen down at 9h. 16m. Ss. Placed on 
the table at 9h. 19m. Temperature in rectum 101 ’8 F. Artery ligatured at 9h. 
37m. lOs. Canula inserted at 9h. 40m. 30s. Connection with manometer at 
lOh. 3m. 15s. Four Ludwig tracings and three Fick. 

Obsenations. 

u. M. s. 

A. 10 6 20. — Mechanical irritation of the left vagus. 

B. 10 7 30.— Struggling. 

C. 10 8 20.— Irritation of the entire right vagus, coils 10 Cent, 

apart (Fick 4). 

D. 10 ^4 65.— Irritation of the entire left vagus (Fick 6). 

E. 10 17 30.— Irritation of the left vagus and pushing chloroform at 

the same time. 
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H. M. a. 

F. 10 24 40. — Ordinary chloroform adminiBtration. 

G. 10 27 15. — Extraction of teeth (Fick 10). 

H. 10 42 0. — Blow on the abdomen with a fly-flapper (Fick 13). 

I. 10 49 10. — Attempts to pass a grooved staff into bladder. 

K. 10 54 0. — Castration. 

. L. 11 5 0. — Electrical irritation of the spermatic cord. 

M. 11 5 40. — ^Exposing the femoral vessels. 

N. 11 16 20.— Transfusion of saline solution, about 220 c.c., into 

the femoral vein. 

O. 11 26 0. — Exposing and destroying the left splanchnic nerve ' 

and j)loxus, during which operation the aorta was 
accidentally snipped, but the opening was at once 
closed by a clamp and very little haemorrhage 
occurred. 

P. 11 39 10. — Thrusting a needle into the heart. 

Q. 11 43 0. — Pushing chloroform until deatli with attempted res- 

toration by means of transfusion of saline solution 
and artificial respiration. 

After the thorax was opened’ and the heart found to have quite ceased 
beating, rhythmical movements of the diaphragm occurred. The heart con- 
tinued irritable for some minutes. Temperature after death 97‘2 F. 

In Experiment 103, as well as in Experiments 80 and 92, rhythmical 
movements of the diaphragm were noticed after the heart had ceased beating and 
after the chest had been opened. In Experiment 103 the splanchnic nerve had 
been divided, death and stoppage of the heart were very gradual, and the heart 
was still irritable during the diaphragmatic contractions. 

November 20th. — No. 104. 

A dog, weight 36| lbs., which had been dosed with phosphorus for two 
days. Into chloroform box at 2h. 22m. 5s. Fell down at2h.,26m. 358. On 
the tabic at 2h. 29m. 308., and kept quiet with chloroform. Temperature in 
rectum 100*4 F. Artery ligatured at 2h. 34m. 7 b. Canula inserted at 2h. 36m. 
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‘ 78. ’ Connection with, manometer at 2h. 40m. 46s. Three Ludwig and three 
Fick tracings. 

Observations. 

H. M. s. 

A. 2 41 0. — Struggling at various times. 

B. 2 41 30. — Chloroform administration ; violent blow on the 

testicle at 2h. 41m. 50s. No shock. 

C. 2 42 30. — Slight embarrassment of the respiration, from the 

foreleg being tightly bound down to the board 
{vide Fick 1 & 2). 

B. 2 48 40. — Pushing chloroform until respiration stopped. During 
this observation tho animal held his breath, the 
pulse tracing was immediately lost and the pressure 
fell exactly as in the Glasgow experiments A & C. 

E. 2 51 10. — Artificial respiration (wfJe Fick 5), when tho normal 

respiration was recommencing. The slow pulse is 
very noticeable in this observation. 

F. 2 53 50. — Change to the vertical position and while vertical more 

blows on tho testicle, and dental operations were 
performed, without the production of shock. 

G. 3 2 40. —Incising the abdomen. 

H. 3 3 30, — Blowing apomorphia l-12th gx’ain in solution into tho 

peritoneal cavity ; vomiting (Fick 9). 

I. 3 23 0. — Small opening into the larynx and injection of a few 

drops of chloroform. 

J. 3 26 30. — Pushing chloroform again until respiration .ceased and 

artificial respiration (vide Fick 12). 

K. 3 34 40. — Seizing and snipping the skin of the anus. 

L. 3 35 40,— Larger opening into abdomen and tying a tube into 

the stomach. 

M. 3 41 40. — Distension of the stomach with air. 

N. 3 49, 55. — ^Pulling tho stomach forcibly. 

O. 3 52 10. — Pushing chloroform very far, and prolonged artificial 

respiration. 
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H. M. 8. 

P. 3 59 10. — Electrical stimulation of the heart. 

• Q. 4 5 60. — Placing ice on the abdominal cavity. 

E. 4 9 0. — Pushing chloroform again until death resulted. 

After the thorax was opened 37 rhythmical contractions of the diaphragm 
occurred, but the heart continued beating for more than two minutes after 
these had stopped. Post-mortem— Temperature 98*2 F. , Weight post-mortem 
34| lbs. 


November 2lBt. — No. 105. 

Large-sized pariah dog, weight 30J lbs., which has had three doses of 
phosphorus previously on the 18th, 19th, and 20th instant, respectively. It 
is in consequence very much out of sorts, and, judging from previous experi: 
ments with other dogs, would certainly have died in a few hours. Into 
chloroform box at 7h. 44m. 25s. Fallen down at 7h. 48m. 55s. Placed on 

I#' 

the table and a canula inserted into left carotid. Temperature in rectum 102 F. 
Connection made with manometers at 8h. 9m. 10s. One Ludwig and one 
Fick tracing. 

Observations. 

H. M. S. 

A. 8 12 50. — Pushing chloroform until respiration ceased (vide 

Fick 2 and 3). 

B. 8 16 50. — Recovery by artificial respiration. 

C. 8 22 36. — Snipping skin of the anus (vide Fick 5). No sign of 

shock. 

D. 8 24 30. — Ordinary chloroform administration (trace imperfect 

owing to the drum sticking). 

E. 8 28 55. — Pushing chloroform again and death in spite of arti- 

ficial respiration. 

The trachea was for soma reason considerably obstructed with fluid, 
so that £he animal was probably in a state of partial asphyxia. Temperature 
at death 100*8 F. 

November 21st.— 106. 

^ Large-sized pariah. Weight 26| lbs. Has had three daily doses Sf 
pho^horus on 18th, 19th, and 20th evenings. Given chloroform at 9h, 6m. 
Fallen down, at 9h. 15m. 30sl On the table at 9h. 16nii Artery ligatured at 
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9li. 25xn. SOs. Temperature in rectum 100*2 F. CJanula* inserted at 9h. 29m. 30s. 
Connection made with, manometer at 9h. 41m. One Ludwig and one Fick 
tracing. 

H. M. s. Observations. 

A. 9 42 20. — Edior administration on cap. 

B. 9 46 10.^ — Pushing other until respiration stopped. Fick 4 

shows exactly the same absence of pulse tracing 
which is noted so frequently in chloroform poison- 
ing when the respiration stops {vide Experiment 
No. 107, Fick 3, and Experiment No. 178 — all the 
tracings). 

C. 9 52 O.t-Artificial respiration ; and 

D. 9 54 30.y-Inversion of the body failed to restore the animal. 

Temperature after death 97*8 F. Post-mortem. — There was a severe 
rupture in the liver and a quantity of blood in the peritoneum. Liver distinctly 
soft, friable and pale in colour. 

Experiment No. 106 shows the effect of inversion of the body, which is 
now-a-days thought to bo a restorative in chloroform poisoning. Inversion of 
the body causes the pressure in the carotid to rise, but it falls to its former 
state when the animal is replaced in the horizontal position. In Observation 
D at 9h. 54m. 30s., when the animal was in the last stage of ether poisoning, 
inversion of the body raised the pressure in the usual way as long as it was 
continued ; but it failed to restore tlie respiration and the dog died. The 
change in the blood-pressure in the carotid, which occurs when the position of 
the body is changed, appears therefore to bo due simply and solely to the effect 
of gravity^ Experiment No. 106 also proves that the effect of ether is precisely 
the same as that of chloroform only less intense. 

* November 21st.- — No. 107. 

Large-sized pariah. Weight 281bs. Has had two doses of phosphorus 
on the 18th and 19th instant, respectively. Into chloroform box at 
lOh. 9m. 14s. Fallen down at lOh. 14m. 27s. On the table at lOh. 17m. SOs. 
Artery ligatured at lOh. ^4m. 13s. and canula inserted. Temperature, 99*8 F. 
in rectum. I^oop under ‘both vagi and the right carotid. Connection made 
with manometers at Iffih. ^m. Pressure much too high ; so much soda solution 
must have been shot into-^e artery (vfete Ludwig tracing). 
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One Ludwig and one Fick tracing. 

* * ' H. M. s. Ohservattons. 

A. 10 36 0. — Coming otft of chloroform. 

B. 10 43 ,20. — ^Mild irritation (coil 15) of the entire right vagus 

(Fick 2). 

C. 10 44 20. — Pushing chloroform until respiration stopped (mh 

Fick 3), pulse tracing absent, tliis not being a sign 
that the heart had stopped ; it was restored easily 
by artificial respiration. 

D. 10 46 0, — ^Recovery with artificial respiration. 

E. 10 51 , 0. — Ligature and division of the right vagfus (Fick 5). 

F. 10 53 10. — ^Mild irritation (coil 15) of the peripheral end of the 

right vagus (Fick 6). Pushing chloroform again 
during struggling until death occurred in spite of 
artificial respiration. 

The temperatur'e in rectum was noted at intervals tlu'oughout (vide Ludwig 
tracing). 

November 2l8t. — No. 108. 

Large pariah. Weight 26 lbs. Has had two one-grain pills of phosjdiorus 
on the 18 and 19th instant, respectively. Into chloroform box at llh. 
23m. Fallen down at llh. .27m. 45s. On the table at llh. 30m. 25s. and kept 
1 quiet with ether. Temperature lOO'S F, in rectum at llh. 33m. Artery 
V ligatured at llh, 37m., 458. Canula inseiied at llh. 41m. 30s. Temperature 
100*6 F. at llh. 47m, 15s.' One Ludwig and one Fick tracing. 

H. M. s. ‘ Ohservations. 

A. 11 57 40. — Continued . otlier administration, which failed for a 

long time to keep the cornea insensitive, and was 
' -only eflfective when the animal was half smotlmred. 

B. 12 0 40. — Mild irritation of the entire, right vagus, coil 16* 

(Fick 2). 

C. 12 2 0. — Convulsion of the whole body. 

B. 12 10 30. — ^Irritation of right vagns, coil 10 (Fick 6). This 
reduced the pulse fi’om,120 to 37 a minute. 

E. 12 14 40.*— Ligature and division (Fick 7) of the right vagus. 

F, ,. -12 16 »0. — ^The ether was pushed until death enshed. 
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Tracing stopped at 121i. 21m. Heart still moving when the thorax was 
opened at 12h, 26m. Temperature 97'4 F. Heart flickering at 12h. 27m. 

November 22nd. — No. 109, 

Medium-sized pariah, weight 27 lbs., that has had <hreo doses of phospho- 
rus on the 18th, 19th, and 20th instant, and is in an extremely feeble state. 
Chloroformed in the box at 8h. 9m. Fallen down at 8h. 17m. 1 5s. Placed on 
the table at 8h, 19m. 20 b. Noticed to have stopped breathing at 8h. 19m, 40s. 
Artificml respiration begun at once. Needle in the heart moving feebly at 
8h. 21m. 45s. Breathing spontaneously at 8h. 23m. 20s., but artiflcial respira/- 
tion continued in the ordinary way. Respiration continued off and on until 
8h. 26m. 30s. Needle in the heart afterwards moving slightly, but rhythmi- 
cally, The trachea was opened and artificial respiration performed by the 
•bellows method for a few minutes, but with no result, 

November 22nd. — No. 110, 

Medium-sized female monkey, weight 11^ lbs, (has varicose veins on 
abdomen). Into chloroform box at 8h. 51m. Fallen down at 8h. 54m. 15s. 
On the table at 8h. 56m. 45s. Temperature in rectum 10 r4 F. Artery liga- 
• tured at 9h. 10m. 5s, Canula inserted 9h. 12)n. 45 b. Loops under both vagi. 
Breathing stopped at 9h. 23m. 50s. Artificial respiration at once and until 
9h. 24m. 50 b, when breathing became natural again. Stopped breathing again 
at 9h. 27m. and artificial respiration performed for some time but without 
success. Temperature after death 100*8 F. Post-mortem — The large bronchi 
and^trachea were filled with blood, and there was a large patch of bloody 
effusion in the posterior lobe of one of the lungs. 

November 22nd, — No. 111. 

Monkey, weight lOf lbs., chloroformed in the box 9h. 43m. 50s. Mon- 
key fallen down at 9h, 48m, 458. On the table 9h. 50m. 40 b. Artery liga- 
tured and canula inserted. Conpection with manometer at lOh. 13m. 30 b. 
Four Ludwig and two Fick tracings. 

H. M, s. Ohservations. 

A. 10 14 30. — Ordinary chloroform administration on several occa- 

sions. 

B. 10 20 40. — Small incision into the abdomen and tying a small 

tube into the colon (eiToneously written “ stomach” 
on the tracing). 


19 
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H. M. B. 

.C. 10 61 0. — Injection of two doses of half a grain of tartar emetic 
into the colon ; struggling. 

D. 11 15 0. — Exposing and destroying the Jeft splanchnic cord and 

plexus, during which proceeding the animal was 
detached from the manometer. 

E. 11 34 20. — Pushing chloroform until respiration had almost 

. stopped. 

F. 12 8 20. — Application of hot and afterwards cold cloths to the 

body. 

G. 12 14 40. — Placing a clean cap over the nose. 

H. 12 12 30. — Holding ammonia boforo the nose. 

I. 12 20 0. — Pushing chlorofonn until respiration ceased, 

J. 12 27 0. — Artificial respiration. 

K. 12 31 20.— Exposing the jugular vein. 

L. 12 36 0.— Injection of ammonia, 5 minims of strong ammonia 

diluted with 20 minims of water into the jugular. 

M. 12 40 0.— Pushing chloroform finally until death resulted. The 

decline of blood-pressure was unusually gradual. 
The temperature in the rectum had fallen below 
95 F, for some time before the end of the 
experiment, 

N.B . — Readings marked “ C ” were taken with a second Fick instrument 
made by the Cambridge Co. . 

• 

To test the effect of shock due to vaso motor change rather than ^affection 
of the heart Goltz’s experiment on the frog was repeated on three dogs. In one 
there was slight lowering of pressure which was not extensive, and in the others 
•no effect, was produced at all. Other operations, which seemed likely to pro- 
duce shock, such as violent blows upon the testicle, were singularly devoid of 
effect. Failing to lower the blood-pressure by any of these methods, recourse 
' was had to section of the splanchnics, but the low condition of blood-pressure 
this produced appeared, like stoppage of the heart from vagus irritation, to be a 
source of safety rather than of danger during chloroform a4miaiBtration. In 
this connection Experiment No. Ill may be studied. There was not much 
external heemorrhage, but the splanchnics were divided, — a proceeding which, as 
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is often said, bleeds the animal into bis own vessels. .The pressure was after this 
extremely low, but chloroform was repeatedly given, and various other notions 
taken, and then chloroform had to be pushed on a saturated sponge enclosed in 
a cap for eleven minutes before respiration ceased. 

November 22nd. — No. 112. 

Temperature of the room 24^ Cent. Into chloroform box at 2h. 41m. 19e. 
Fallen down at 2h. 44m. 47s. On the table at 2h. 46m. Observed to have 
stopped breathing at 2h. 46m. 10s. Artificial respiration until he was pro- 
nounced “ ijlead ” at 3h. 2m. Needle in the heart faintly moving at 2h. 54m. 30s. 
Post-mortem showed all the signs of asphyxia. 

There wore thus three accidental deaths in the course of this one day, 
November 22nd, which it may be noted was exceptional in being a wot day 
and was characterised by constant blunders and mistakes committed by every 
one engaged in the experiments and in every department {vide, for example, the 
blunders and sinudges on the tracings in No. Ill) as well as in the administra- 
tion of chloroform, 

November 22nd, — No. 113. 

Temperature of the room 24^ Cent. Pariah dog. Weight 38 lbs. Into 
the chloroform box at 3h. 5m, SOs. Placed on the board at 3h. 8m. 10s. and 
kept quiet with chloroform. Artery ligatured at 3h. 19m. 10s. Canula insert- 
ed at 3h. 23m. 40s. Temperature in the rectum 100'4 F. at 3h. 23m. 45s. 
Connection with manometer at 3h. 30m. Three Ludwig and two Fickti’acings, 

II, M. s. Observations. 

A. 3 30 0. — Chloroform administration and struggling (the trace 

is imperfect on account of the drum sticking). 

B. 3 ’32 20. — Cessation of respiration and artificial respiration. 

C. 3 33 25.— Division of the right and then the left vagus. 

D. 3 38 0. — Pushing chloroform again until respiration stopped and 

restoration by artificial respiration. 

E. 3 39 30.— Exposing the femoral vessels and repetition of (D). 

F. 3 51 0. — Ligatm'e of femoral artery and vein. 

G. 4 3 10. — Haemorrhage to 170 cc. from the femoral artery and 

chloroform again. * 

H. 4 14 20. — Transfusion of saline, solution into femoral vein 

250 cc. in two doses. 
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H. M. B, . 

I. 4 20 30. — Pushing chloroform again as in D. 

J. 4 26 55. — Haemorrhage again 250 cc. of blood taken. 

K. 4 31 0. — Repetition of the transfusion and pushing chloroform 

as before. 

Failure to restore the animal in spite of artificial respiration and transfu- 
sion of ammonia. Temperature in the rectum gradually fell to 96*8 F. at 
death. Post-mortem. — Right heart filled with coagula. 

November 23rd.— No. 114. * 

Rabbit into cubic foot box with paper saturated with chloroform at 7h. 
41m. 10s. Breathing, which was held at first, rapid at 7h. 42m. Fallen on its 
side at 7h. 42m. 30s. Breathing stopped at 7h. 42m. 508. Stopped chloroform 
and performed artificial respiration at 7h. 43m. Convulsions at 7h, 44m. Pupils 
gradually dilating. Convulsions nearly ceased at 7h. 45m. Came round at 
7h.. 46m. No connection was made with the recording apparatus, and there is 
therefore no tracing. 

November 23rd. — No. 115. 

Monkey. Weight 9| lbs. Temperature of tlie room 23 Cent. Into • 
chloroform box at 7h. 49m. 1.0s. Fallen down at 7h. 52m. 10s. Placed on the 
board at 7h. 53m, and kept quiet witli chloroform. Left carotid exposed and a 
loop placed under the right vagus. Operation to expose the splanchnics com- 
menced at 8h, 11m. 308. Left, splanchnic ligatured at 8h. 18m. and the plexus 
excised. • Artery ligatured at 8h. 24m. 6s. Canula inserted at 8h. 29m. 10s. 
Temperature in rectum 97 F. Connection with manometer at 8h. 37m. 408. 
One Ludwig and one Fick tracing. 

Observations. 

H. M. s. 

A. 8 38 45.*-' Administration of chloroform ; struggling. 

B. 8 44 0. — Administration of ether on a cap. 

C. 8 46 50. — Asphyxia from the trachea becoming obstructed with 

fluid. 

D. 8 59 10.— Introduction of needle into the heart. 

E. 9 2 50. — Pulling and cutting the right vagus. 

The temperature in the rectum is noted from time to time^on the Ludwig 
tracings. At 9h. 5m. the experiment was brought to an end by the canula cutting 
through the artery, and eventually the animal was killed with chloroform. 
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(After the manometer experiment was closed tho convolutions of the brain 
were exposed, but stimulation failed to give any result.) 

November 23rd. — No. 116. 

Monkey, weight 124 lbs., given two grains of morphine under the skin of 
the thigh at lOh. Im. Tied on to the dog-board at lOh. l^m. and two grains 
more morphine injected at lOh. 20m. 10s. Quite wide awake at lOh. 30m. 10s. 
Given a little chloroform at lOh. 35m. 30s., when he was slightly under the 
influence of morphine and kept quiet with chloroform. Loop under both vagi. 
Right pupil slightly dilated. LeJ’t contracted at lOh. 48m. Artery ligatured 
at lOh. 50m. 45s. Canula inserted at lOh. 53m. 1 5s. Right pupil then widely 
dilated. Temperature 100*6 F. Connection with manometer at llh. 8m. 
Two Ludwig and two Fick tracings, 

Ohservations. 

11 . M. s, 

A. 11 12 30. — Ordinary chloroform administration. 

B. 11 17 0. — Ligature of the femoral artery and vein. 

C. 11 29 25. — Hjemorrhage from femoral artery. 

I). 11 31 10.— Transfusion of saline solution and ammonia (5 minims 

liquor ammoniac fort, to 25 ounces of saline). Res- 
piration stopped at ]2h. 11m, 30s., but after con- 
tinuous artificial respiration the animal gave one 
gasp at 12h, 22m, 30s. and began breathing natu- 
rally at 12h, 23in. 30s, During almost the whole of 
this time the manometer tracing was interrupted 
by clots in the tubes. 

E. 11 55 0. — Ether inhalation at short intervals. 

F. 12 14 30. — Needle into the heart. 

* G. 12 30 35.— Small incision into abdomen, and injection of spirits 
of ammonia into the stomach. 

H. 12 35 48. — Pushkig ether. 

I. 12 37 0. — Pushing chloroform until death. 

(The manometer tracing was again interrupted before the end of the 
experiment.) 

November 25th. — No. 117. 

Temperature* of the room 23 Cent. Unusually large brindled dog. 
Weight 38| lbs. Into the chloroform box at 7h. 28m. 10s. Placed on the 
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table at 7b. 36m. ^Os., aud kept quiet 'witb cbloroform. Left carotid ligatured 
at 7b. 46m. 10s. Cauula inserted at 7b. 49m. 15s. Temperature in rectum 
101*4 F. Connection made -^yitb tbe manometers at 7b. 56m. 15 b. Four 
Ludwig and six Fick tracings showing tbe effect of pushing cbloroform during 
irritation of tbe entire right vagus on several occasions. In one of tbeee tbe 
irritation of tbe vagus was kept up continuously for more than eight minutes, 
and tbe cMoroform administration for seven minutes and tbe animal recovered 
without artificial respiration. At another time when tbe* irritation accidentally 
failed on account of defect in tbe electrodes, the animal was with difficulty re- 
stored after cbloroform bad been pushed for one minute. Deaths eventually 
ensued after prolonged irritation of tbe vagus together witb pushing cbloroform 
and artificial respbation to ensure tbe cbloroform entering tbe lungs freely. 


Observations, 

n. M. s. 

A. 7 56 0. — Chloroform on an ordinary cap. 

B. 8 1 40. — Electrical irritation of the right vagus. Inhibition of 

the heart is seen in Fick 4. 


. C. . 8 2 50.— Cbloroform pushed to stoppage of respiration ; artificial 
respiration ; irritation of right vagus during revival 
(vide Fick 5). 


D. . 8 9 10. — Irritation of right vfigus, cbloroform commenced at 
8h. 9m. 20s. aud pushed to stoppage of respiration 
(8h. 10m. 25 b), cbloroform stopped at 8b. 11m. 50s. ; 
irritation of tbe vagus stopped at 8b. 12m. lOs. 
Natural breathing at onco recommenced spontane- 
ously. Observation repeated in the same way and 
witb tbe same result at 8b. 15m. 30s. (v^ Fick 
6.) Observation repeated for a much longer time at 
8b. 28m, 30s. Tbe cbloroform and irritation of the 

m 

vjigus were kept up from 8b. 28m. 30$. to 8b. 86m.. 
40s. (y^(i»Fick 9, 10, 11, 12, 13 and 14). Directly 
tbe irritation was stopped tbe pressure rose, showing 
that very bttle cbloroform bad hitherto been con- 
veyed to tbe nerve centres, aud that there is no 
danger in mere lowering of tbe b^ood-pressure. The 
pressure fell again at 8h. 37m. Os. This evidently 
** occurred from tbe inhibition of tbe heart having been 
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H. M. S. 

stopped. The residual chloroform in the lungs was 
then rapidly taken up and produced its ordinary 
effect. (Compare with Observation D in Experi- 
ment 64). ^ 

E. 8 52 30. — Chloroform administration for one minute and 

twenty-five seconds. Respiration stopped at 8h. 
53m. 558. Artificial respiration was then performed 
for two and-a-half minutes, from 8h. 54m. Os., and 
natural breathing recommenced at 8h. 57m. Os. 

F. 9 2 20. — Electrical irritation of vagus ; the stimulation was 

offoctive at first {mde Fick 19), but wore off and 
when chloroform was administered at 9h. 3m. Os. 
it had almost ceased, and tlio full effects of the 
anaesthetic wei’e quickly developed. Respiration 
stopped at 9h. 4m. Os. and the chloroform cap was 
removed at 9h. 4m. ISs. Though the anaesthetic 
had only beeji administered for little over a minute, 
tho animal was restored with great difficulty by 
artificial respiration, which was kept up for six 
minutes and thirty-five seconds before natural 
breathing returned at 9h. 11m. Os. 

G. 9 19 20. — Chloroform pushed again with irritation of tho vagus at 

the same time. In this observation ^e stimulation 
did not become effective till after the respiration 
stopped. The breathing ceased at 9h. 20m. 20s. 
The irritatioir was slopped a^ 9h. 21m, 25s. and 
the chloroform cap was removed at 9h. 21m. 35s. 
Breathing recommenced spontaneously at 9h. 23m. 
50s., but was not fully established till 9h. 25m. 15e. 
During this time there were some remarkable fluc- 
tuations of the blood-pressure, the falls being pro- 
bably due to residual chloroform being taken Up 
from the lungs, alternating with rises due to elimi- 
nation of the anmsthotic from the lungs when the 
animal breathed {vide Ludwig 111. at 9h. 22m. Os., 
9h. 24m. Os. and 9h. 25m. Os.) 
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H. M. 8. 

H. 9 31 25.-^Thi8 observation consisted in prolonged irritation of 
* . the vagus &om 9h, 80m. 25s. to 9h. 41m. 508. 

and the administration of chloroform by artificial 
respiration from 9h. 31m. 45s. to 9h. 39m. 50s. 
The animal died, but the heart did not stop finally 
till 9h. 44m. 30s, This observation would have 
been, more satisfactory if the vagus irritation had 
boon kept up until all the residual chloroform in the 
lungs had been got rid of by artificial respiration. 

The whole experiment is most instructive, as it, like Observation D in Experi- 
ment 'No. 64, proves that inhibition of the heart’s action by the vagus prevents the 
fatal effects of chloroform poisoning and benefits the heart. The animal in 
Experiment 117 was put into a condition of extreme danger, from which it could 
only be restored by means of artificial respiration, by inhalation of chloroform for 
little over one minute (vide Ludwig 1., 8h. 3m. Os. and Ludwig II., 8h. 53m. 3()s) 
The same animal recovered spontaneously and readily after five minutes of 
chloroform inhalation, with inhibition of the heart produced by electrical 
stimulation of the vagus. At 8h. 29m. 208. {vide Ludwig II.) chloroform was 
pushed for seven mmutcs during continued irritation of the vagus, and the 
animal came round without artificial respiration. The danger really begins in 
these cases when the irritation is discontinued or fails to inhibit the heart, and 
thus enables the residual chloroform in the lungs to be rapidly absorbed and 
thrown into the system (vide Ludwig III., 9h, 22m. Os. to 9h. 25m. Os). 

November 25th. — No. 118. 

Monkey (Macacus). Weight 11 lbs. Temperature of the room 24'5 Cent. 
Into chloroform box at lOh. 27m. 27s. Fallen down at 10h.’32m. 25s. Placed 
on tabic at IQh. 32m. 50s. and kept quiet with chloroform. Temperature in 
rectum 104'4 F. at lOh. 42m. SOs. Artery ligatured at lOh. 50m. 508. Canula 
inserted at lOh. 52m. 30s, Both vagi looped with a loose ligature. Connection 
made with manometer a few seconds before lOh. 58m. Two Ludwig and three* 
Fick tracings. 

Observations, 

n. M. s. , . 

A. 10 58 55. — Ordinary chloroform adroinistoation with violent 

struggling. 

B. * 11 3 20.— Irritation of the entire left vagus. 
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H. M. S. • 

C. 11 33 40. — Irritation of the left vagus and pushing chloroform 

at the same time on two occasions. 

D. 11 41 40. — Chloroform administration with struggling. 

E. 11 42 20. — Imperfect irritation of the right vagus and pushing 

chloroform. 

The tracing was interrupted by clotting in tho tubes just as the irritation 
of the vagus and chloroform administration were stopped. Tho animal breath- 
ed spontaneously for a few seconds, but then finally ceased breathing and died. 

November 25th. — No. 119. 

Temperature of the room 25 Cent. Largo pariah, weight 30 lbs., that has 
had phosphorus on the previous two days, one grain each day, and had been 
chloroformed in the morning by Dr. Rustomji, and is extremely feeble. Into 
chloroform box at about 2h. 19m. Fallen down at 2h. 21m. Placed on the 
table at 2h. 22m. 10s. and kept quiet with chloroform. Respiration very feeble 
and artificial respiration began at 2h, 24m. 45s. Breathing better at 2h. ^Sm. 
40s, (The dog was so feeble generally that it was not necessary nor advisable 
to tie him down on the board in tho usual way.) Temperature 99’8 F. in the 
rectum at 2h. 29m. Connection made with manometer at 2h. 41m, 208. Four 
Ludwig and three Fick tracings. 

Ohservatiom. 

H. M. s. 

A. 2 42 40. — Chloroform administration; holding breath and gasping; 

. placing thermometer in the rectum ; struggling. 

B. 3 12 55. — Irritation of right vagus and pushing chloroform until 
resphation stopped: with spontaneous recovery 
Fick 5). 

C. 3 23 0. — Irritation of right vagus and, pushing other {vide 
Fick 8). 

D. 3 38 20.~Pushing chloroform, and after the blood-pressure had 
fallen, irritating the vagus. 

U 

E. ‘3 43 20. — Artificial respiration. 

F. 3 53 30.— Tracheotomy. 


I 


18 
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H. M. B, 

G. 3 55 0. —Artificial respiration by bellows apparatus attached to 

a tube in the trachea. 

H. 4 10 0. — Blowing ether by means of this apparatus directly into 

the trachea. 

I. 4 13 40. — Introduction of chloroform by means of a Junker’s 

inhaler introduced through the tracheal tube down 
to the bronchi, and pushing it imtil death resulted. 
Post-mortem. — Temperature 97 ’6 F. Heart pale and 
rather friable. Liver very pale and soft. 

November 25th. — No. 120. 

Rabbit that had had 5 minims of liquor atropiaj an hour before. Into 
chloroform box, 1 cubic foot in area, at 4h. 28m. 30s. Drowsy and vessels of 
the ear dilated at 4h. 29m. Fallon on its side and whining at 4h, 29m. 30s. 
Breathing stopped at 4h. 30m. Taken out at once and artificial respiration 
commenced, but this was of no avail though continued until 4h. 38m. 

November 26th.— Nos. 121 and 122. 

No. 121. Rabbit. 5 minims of solution of atropia sulphate injected into 
the thigh at 7h. 10m. 20s. 


No. 122. Rabbit that has not had atropine 

Both into chloroform at 

• • • 

No, 121. 

U. M. S. 

7 25 15 

No. 122. 

H. H. S. 

7 25 15 

Fell down on side at 

• •• 

• • • 

7 27 5 

7 27 5 

Sat up again at 


• • • 

7 27 80, 

(Continued 

Struggling at 

« • • 

• • t 

7 27 40 

(.on his side 

Orying at ••• ••• ••• ••• 

• • • 

• •• 

• • t 

7 28*45 

Stertorous breathing at 

• •a 


■ a • 

7 29 7 

Fundus of the eye bluish at 

• • • 

• • • 

t • « 

7 29 80 

Beating time with feet at... 

• •• 

• • • 

7 80 15 

7 80 15 

Stopped breathing at 


t • • 


7 81 6 

Taken out of box and artificial respiration commenced at 

... 

7 81 80 

Breathing naturally at 

••• 

• • ■ 

t •• 

7 82 80* 

Cornea sensitive at 


*•0 

• •• 

7 82 45 # 

Taken out of box though still breathing at 



7 88 10 

• •• 

Cornea sensitive at 



7 84 2b 

• •• 

Excited struggling at 

••• 

• •• 

7 85 0 

• •• 


At 7h. 88m. the papila of 122 vere more dilated thim the pupils of 121. 
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November 26th.— Nos. 123 and* 124. 





No. m. 

No. 124. 

Two small monkeys, weight ... 

• « • 


... 7 lbs. 

lbs. 

• 



H. M. S.- 

H. M. S. 

Into chloroform in a cubic foot box at 


... 

... 7 58 0 

7 53 0 

Fallen down at 


... 

... 7 66 80 

7 56 80 

Straggling at 

• •• 

... 

••• 

7 56 40 

Taken out of box at 



... 7 57 40 

7 67 40 

Chloroform to keep quiet at ... 

• •• 


... 7 59 40 

7 59 40 

“ UndeBi” Stopped chloroform at 

• • • 


... 8 0 30 

8 0 45 

More chloroform again at 

• •• 

... 

...•8 1 53 

8 6 32 

“ Under.” Stopped chloroform at 

• •• 

... 

... 8 2 80 

8 7 60 

More chloroform 3rd time on inhaler in front of tracheal 


tuhe at) ... ... ••• ••• 

... 


... 8 7 50 

8 10 30 

“ Under.” Stopped chloroform at 

• • • 

• •• 

... 8 7 63 

8 11 52 

More chloroform, 4th time at ... 

... 

... 

... 8 11 10 

8 21 30 

“ Under.” Chloroform stopped at 

... 

... 

... 8 11 50 

8 23 10 

More chloroform, 5th time at 

• a • 

... 

... 8 16 50 

• •• 

U^ndcr at ••• ... ... 

■ a. 

... 

... 8 18 0 

• at 

Opened trachea at 

... 

• dm 

... 8 9 0 

8 7 35 

Canuia inserted at 

... 

... 

... 8 9 5 

8 8 45 

Re-inserted, having slipped out at 

... 

... 

... 8 20 7 

• •• 


Attached to the bellowB artificial respiration apparatus, 
which was so arranged as to blow air through a 


separate bottle into each monkey at 8 23 27 8 23 27 

Opening the thorax at 8 24 30 8 24 0 

Heart exposed at 8 26 80' 8 27 0 

Ether in bottle at B 32 16 

Chloroform in bottle at 8 32 30 

Heart stopped ••• ••• ••• 8 39 0 ...* 


• Owing to a kink in the tubes No. 124 was killed by asphyxia ; his heart only flickering or very feebly 
contracting v;hen it was first exposed, but it continued to do so until lOh. 4Sni. with still a faint contraction of one 
comer of the auricle at llh. 80m. 

'* November 26th. — No. 125. 

Monkey (medium-sized Macaens). Weight Ilf lbs. Into chloroform box 
at 9h, 20m. Fallen down at 9h. 29m. ISs. Placed on board at 9h. 29m. 308. 
Kepf quiet with chloroform. Trachea opened at 9h. 35m. 30s. Tube inserted 
at 9h. 86m. Artificial respiration kept up by bellows apparatus and chest 
opened. Attempt to connect with Roy’s cardiomyograph failed. Ether began 
at lOh. 22m. TOs. Heart contracting very feebly. Fresh air lOh. 24m. SOs. 
Heart just moving and ,no more. Flickering until lOh, 40m, 
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. November 26th— No. 126. 

Monkey, small. Weight 4^ lbs. Into box and chloroform given at 
lOh. 36m. 30s. Fallen down at lOh. 40m. 46s. Trachea opened at lOh. 46m. 
6s. and canula inserted. Kept quiet with chloroform. Opening thorax at llh. 
6m. 16 b. with artificial respiration by bellows apparatus. Heart exposed at llh. 
8m. 30s. 6 cc. of ether into the bottle of the apparatus. Animal “ quite out” at 
llh. 11m. Cornea insensitive at llh. llm, 50s. Heart’s action very rapid at 
llh. 13m. 50s., but still acting vigorously. Chloroform, same quantity, at llh. 
16m. 45s. (all the other had evaporated). Ventricle stopped at llh. 17m. 458. 
Heart flickering at llh. 19m. Lungs no longer contracting at llh. 20m. 308. 
All right again at llh. 21m. 50s. Lungs not distending at llh. 24m. owing 
to apparatus breaking down. 3] cc. of chloroform remained in the bottle. 

November 26th — No. 127. November 26.— No. 128. 

Small monkey. Weight 4^ lbs. Small monkey. Weight 4J lbs. 


Into chloroform box 1 cubic foot 

capa- 

H. U. S. 

2 82 0 

Into chloroform box 1 cubic foot capa- 

city. 



city. 

Still standing and licking the glass 


2 33 45 

Fallen down. 

More chloroform into the box 

• •• 

2 35 45 

Taken out of box and tied on to board. 

Fallen down 

• • « 

2 37 0 


Taken out of box and tied on board 

• •• 

2 37 10 


More chloroform in ordinary cap ... 

• • • 

2 38 0 

2 39 41 

Tracheotomy commenced. 

Stopped getting chloroform 

• • • 

2 40 10 


Tracheotomy commenced 


2 40 20 
2 40 35 

Trachea opened. 

* 


2 41 5 
2 41 53 

Glass tube inserted. 

Having chloroform (bap held before tub^. 



2 43 3 

Stopped chloroform. * 

More chloroform 

• •• 

2 43 37 


Stopped chloroform 

• • « 

2 48 58 


More chloroform 

• •• 

2 45 38 


Stopped again 

• •• 

2 46 5 


Trachea opened 

• •• 

2 47 30 


Glass tube into trachea 


2 49 17 

2 50 27 

More chloroform. 

More chloroform on ordinary cap in 

front 

2 51 4 

2 51 35 

Stopped chloroform. 

of tube. 

Stopped chloroform 


2 52 43 
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No. \%7— continued. h. m. s. iJo. 128— 

Tube slipped ont of trachea 2 53 10 

2 58 45 More chloroform. 

2 54 15 Stopped chloroform. 

More chloroform by month 2 54 40 

Stopped chloroform 2 55 10 

Glass tube inserted again 2 55 31 

More chloroform 2 55 52 

Stopped chloroform 2 5G 28 

2 57 43 More cliloroform. 

More chloroform 2 58 54 

Stopped chloroform 2 50 30 Stopped chloroform. 

Connected with the bellows-artificial respi- 3 0 0 Connected with the bellows-artificial res- 

ration apparatus, piration apparatus. 

Opening thorax 3 021 Opening thorax. 

Ohlorofonn through the bellows 3 0 44 Chloroform through the bellows, 

3 1 52 Heart exposed. 

Heart exposed 3 2 4 

Struggling 3 2 25 Struggling. 

3 3 10 Lungs not expanding. 

3 3 20 Expanding imperfectly. 

Lungs expanding freely 3 4 50 Lungs expanding freely, 

3 5 10 Ether into the bottle. 

Chloroform into the bottle 3 5 80 

Heart distinctly feeble 3 5 25 

3 5 38 Heart vciy rapid. 

3 7 7 Jerky action of the diaphragm. 

Needle into heart 3 7 20 Needle into heart. 

Another needle into heart 3 7 30 

3 8 45 More ether into bottle. Cornea sensitive. 

Lungs not expanding 3 9 40 

Heart stopped ... • 3 12 5 

(Post-morteiQ showed clot at the bifurcation 3 14 45 Ether completely evaporated, 
of the bronchi). 

3 15 5 More ether into bottle. 

3 17 30 Needle barely moving. 

3 27 45 Stopped. 

November 26tb.— ‘No. 129. November 26tb. — No. 130. 

Small monkey. Weight 3| lbs. Small monkey. Weight 4^ lbs, 

H. H. s. 

Into chioroform box • 3 81 32 Into chloroform box. 

Drunk 3 34 52 Drunk. 

Fallen down ••• ••• ••• 3 34 10 
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No. 129— H. M. s. No. 180— 

• 8 84 22 Fallen down. 

Taken out of box 8,36 7 Taken out of box. 

3 86 36 More chloroform. 

More chloroform 3 36 0 Stopped chloroform. 

Stopped chloroform 3 36 32 

8 36 67 More chloroform. 

More chloroform 3 87 24 

8 37 68 Stopped chloroform. 

Commenced tiucheotomy 3 38 40 

3 88 50 Commenced tracheotomy. 

Stopped chloroform... ... 3.39 0 

Tiachea opened 3 39 48 

Class tube inserted ... 3 40 8 

3 40 10 Stopped chloroform (commencement not 
noted). 

More chloroform 3 40 46 

Stopped chloroform ••• 3 42 0 

More chloroform 3 43 46 

Stopped chloroform ••• ••• ••• ••• 3 44 47 

More chloroform ••• ••• ••• 3 40 30 

3 46 50 Tube inserted into trachea. 

Stopped chloroform 3 47 25 

3 51 0 More chloroform. 

More chloroform ••• 3 51 52 

Stopped chloroform. •• •*. 3 52 27 

More chloroform ••• ••• ••• 3 63 16 

Stopped chloroform 3 53 41 Stopped chloroform. 

Connected with artificial respiration appara- S 55 0 
tUB. 

Cornea sensitive 3 55 15 Connected with apparatus ; cornea sen- 
sitive. . 

Chloroform through bellows 3 56 0 Chloroform through bellows. 

10 minims chloroform into bottle 3 57 26 

3 57 43 10 minims chloroform into bottle. 

Cornea insensitive ••• o». 3 58 0 Cornea sensitive. 

Opening chest 3 58 15 Opening chest. 

Heart fully exposed 8 69 10 

Lungs expanding better ••• 4 0 0 

4 0 20 Heart exposed. 

5 cc. ether into bottle 4 2 24 

4 2 37 5 cc. chloroform into bottle. 

Hbedle into heart ... ... ... ... 4 2 67 

Heart beating rapidly, communicating 4 3 30 Heart very feebly beating 

moTements to the abdominal wall. 
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No. 129 — continued, 

5 cc. more ether 

I, Needle moving less vigorously but dis- 
tinctly. 


Needle moving slowly but steadily. More 
ether. 

Heart stopped ^ 


H. M. 8. No*. 180 — continued. 

4 S 55 Needle into heart. 

4 8 _0 

4 8 18 5 oc. more chloroform. 

4 8 40 Needle barely moving. 

4 10 0 Very slightly moving, if at all. 

4 10 56 Absolutely not moving. 

4 12 S After opening pericardium heart again 
flickered. 

4 12 20 


November 27th. — No. 132, 3^ lbs. No. 131, 3J lbs. 


Medium-sized moukey. 


Medium-sized monkey. 


Into cbloi'ofoi'm box 
More chloroform into box ... 


Fallen down ‘ 

Taken out and tied on to a boai'd... 


More chloroform 

Btopped chloroform and begin tracheotomy. 


Trachea opened 

Tube inserted 

Bespiration stopped & artificial respiration.. 


Pressure had probably been made on the 
chest by the operator, who had operated 
from below and covered the chest with 
his hands. 

No heart sound audible ; needle into heart.. 

Needle feebly moving ; Continue artificial 
respiration. 

Abandoned •*a ••• ••• 


4 24 2 {) Into chlorofoim box. 

8 26 0 Drooping. 

8 27 18 More chloroform into box. 

8 27 47 Fallen against the side. 

8 28 .60 Down and breathing stei’tovously. 

8 21) 5.6< Taken out of box and tied on to a board. 

8 .% 10 

8 81 8 

8 81 82 More chloroform into the box. 

8 82 22 Stopped chloroform and commenced tracheo- 
tomy. 

8 83 20 
8 34 4 

8 34 49 Trachea opened. 

8 35 9 Tube inserted into trachea. 

8 85 51 More chloroform. 

8 36 S3 
8 36 55 
8 37 45 

8 38 5 Stopped chloroform. 

8 39 15 More chloroform. 

8 40 2 Stopped chloroform. 

8 43 20 


8 44 15 

8 45 10 More chloroform ; struggling. 
8 46 23 Stopped chloiofomu 
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No. 134. No. 131 — contimed.^ 

Another medium-sized monkey. 

Weight 4 lbs, 

H. M. s. 

Into chloroform box 8 51 8 

Still sitting up and looking about him ... 8 52 46 More chloroform. 

Leaning against the side 8 58 87 Stopped chloroform. 

Still mo\dng about 8 56 28 

Fallen down... ... ... ... ... 8 57 58 

Taken out of box 8 58 5 

More chloroform on cap 8 59 0 

Chloroform stopped ; tracheotomy begun... 1) 1 25 More chloroform. 

9 1 52 Stopped chlorofonn. 

Trachea opened 9 27 

Tube inserted 9 2 18 

More chloroform 9 8 9 

9 8 29 More chloroform. 

9 3 50 Stopped chloroform. 

Stopped chloroform 9 8 55 

Attached to bellows apparatus ... ... 9 4 5 Attached to bellows apparatus. 

9 4 81 Opening thorax, 

Oommenced to open thorax and. artificial 9 5 5 Artificial respiration begun, 

respiration begun. 

A little chloroform into bottle 9 6 45 

9 6 27 Heai-t exposed. 

More chloroform into bottle ... ... 9 7 27 

‘‘ Over” and proceed with operation ... 9 8 0 

Heart exposed ■•. ■•. ... .«% 9 8 57 

Pericardium opened 9 9 40 Ghlorofoim into bottle. 

9 10 80 Quite over. 

9 10 85 Needle into heart. • 

9 11 20 Bottle emptied. 

9 11 85 Needle taken out of heart* 

Cornea sensitive 9 12 80 

9 12 50 Ether into bottle 5 cc. 

5 cc. chloroform into bottle 9 18 10 

Needle into heart 9 18 80 Needle into heart. 

9 15 5 5 cc. more ether into bottle* 

5 cc. chloroform 9 15 45 

9 17 0 Heart beating rapidly. Ether all evaporated* 
9 17 55 10 cc. more ether into bottle* 

5 cc. chloroform ... ... ... .*. 9 19 20 

Left ventricle hardly acting ; right better 9 21 20 

9 21 56 Pericardium removed* 
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No. 134 — (miinued. 

Heart feebly flickering 


Needle absolutely still 


No. 131 — continued. 

H,- M. 8. 

9 22 40 

9 24 94 8 cc. ether into bottle. 

9 29 43 Another needle into heart. 

9 38 0 

9 39 55 Connection between needle and a time- 

marker {vide tracing). 

9 44 15 More ether into bottle. 

9 51 5 Artificial respiration stopped (after which 

it made spontaneous respiratory move- 
ments about every fourth second). 

10 0 0 Artificial respiration commenced. He came 

round and breathed spontaneously again 
{vide tracing II). 

10 24 0 Artificial respiration begun agam. 

10 27 0 Chlorofoi’m into bottle. 

10 37 0 Needle taken out. Heart still beating. 

10 48 30 Finally stopped, but still remained irritable, 
BO that it began beating again when needle 
, was put into it. 


November 27th. — ^No. 133. 


Horse thrown and given chloroform on a nose-bag at lOh. 50m. Loop 
under right vagus at lOh. 55m. 45s. Right carotid ligatured at lOh. 57m. 40s. 
Canula inserted at llh. Im. Connection with manometer at llh. 17m. 55s. 
while horse was on the floor. (He was afterwards, llh. 42m. 30s., raised on to 
the table.) 

Two Ludwig and two Fick tracings. 

Observations. 

A. Ordinary chloroform administration. 

« 

B. Slight struggling. 

C. Pushing chloroform until respiration stopped ; death resulted 

in spite of long-continued artificial respiration. 

Repeated attempts were made to irritate the vagus, but they failed as the 
nerve was never exposed. 

«. November 27th. — No, 135. 

Medium-sized monkey. Weight 13 lbs. Temperature of room 23J Cent. 
Into chloroform box at 2h. 22m. 36s. Placed on the table at 2h. 27m. 42s. 
and kept quiet with chloroform. Temperature in rectum 102*6 F. at 2h. 37m. 


14 
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30s. Artery ligatnred at 2h. 45m. 25s. Canula inserted at 2h. 48m. lOs. 
Loop uhder both vagi. Connection made with manometer at 2h. 59m. 50s, 
Three Ludwig and three Fick tracings. 

* Obsermttons. 

A. Ordinary chloroform administration and struggling. 

B. Double ligature and division of the right vagus. 

C. Irritation of the central, and 

D. Peripheral end of the vagus. 

E. Injection of 10 gi’ains of chloral into the peritoneum, and after- 

wards irritation of the centol and peripheral end of the right 
vagus. 

F. Exposure and ligature of the femoral artery. 

G. Opening the trachea and tying a small glass tube into it. 

H. Closure of the tracheal tube so as to produce ahnost complete 

asphyxia. 

I. Pumping chloroform vapour into the closed tube by means 

of Junker’s inhaler while the respirations are still embarrassed 
and consequent speedy death. 

While the chest was being opened, air suddenly rushed in, and it was 
thought that spontaneous respiration was going to recommence, but there was no 
real spontaneous movement. After death chloroform was injected with much 
force into the femoral artery and produced complete rigidity of the limb. 

November 25th. — No. 136. 

Goat, young male. Weight 16 lbs. Into chloroform box at lOh. 48m. 208, 
Fallen down and taken out of box at lOh. 59m. 20s. Placed on the board and 
kept quiet with chloroform. Loop under both vagi. Ligatured the left carotid 
at llh. 9m. 26s. Canula inserted at llh. 11m. 47 b. Temperature in rectum 
102*6 F. at llh. 18m. 20s. Connection with manometers at llh. 19m. 20s. 
One Ludwig and one Fick tracing. 

H. M. s. Ohservatiom. 

A. 11 11 30. — Ordinary chloroform administration ; holding breath. 

B. 11 25 10. — Pushing cliloroform until respiration had almost 

ceased. 

C. 11 30 0. — General convulsions ; respiration ceased at llh. 28m. 

20s. 
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H. M. S. 

D. 11 30 30. — ^Artificial respiration was 6ommencedSsome minutes 
after the respiration had entirely ceased and failed 
to restore tho ^nimal. The case was complicated 
by a very distended stomach and the fact that the 
trachea was filled with fluid at an early stage. It 
was thought that some of the contents of the 
stomach found their way into the air passages 
during tho convulsions or even before they occurred. 
A ncedlo was inserted into the heart at llh. 34m. Os. 
and moved rhythmically until llh. 41m. 408. 

November 28th. — No. 137. 

Goat, young male, weight 15-f lbs. Into chloroform box at llh. 46m. 

43s. Fell down at 12h. 2m. SOs. and taken out of box, but still quite sensitive. 

* 

More chloroform from time to time to keep it under. Holds its breath like the 
other goat whenever chloroform is given. Temperatm’o in rectum at I2h. 8m., 
103'6 F. Artery ligatured at 12h. 11m. 19s. Cauula inserted atl2h. 12m. SOs. 
Connection with manometer at 12h. 16m. Two Ludwig and one Fick tracing. 

Ohseroations. 

It. M. 8. 

A. 12 18 10. — Ordinary chloroform administration showing tho effect 

on the tracing of holding the breath, and of irregular 
jerking respiration. 

B. 12 25 40, — Irritation of tlie left vagus nerve (;o'tde Fick 4). 

C. 12 37 30. — Pushing chloroform and irritating the left vagus (vide 

Fick 6). 

D. 12 45 40. — The same, only for a much longer time, after which 

the animal died in spite of artificial respiration, which 
however, for some reason, was never efficient, no air 
passing in and out of tho chest. 

On opening tho chest a large quantity of blood was found in the left 
■ pleural cavity. 

November 29th. — No. 138. 

Temperature of* room 20 Cent. Cat, weight 6^ lbs. Into chloroform at 
7h. 58m. 6 b, More chloroform into the box at 8h. Im. 55s. Struggling at 8h. 2m. 
Fallen down at 8h. 2m. 15s. Tied on to rabbit board and given chloroform 
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from time to time to keep it under. Temperature in the rectum 100*6 F. at 8h. 
9m. 45Er. and artery ligatured. Connection with manometer at 8h. Im. 25s. 

Two Ludwig and one Fick tracing. 

Observations. 

H. M. s. 

A. 8 4 30. — ^Administration of ether on a cap. 

B. 8 34 0. — Struggling. 

C. 8 44 30. — Pushing other until respiration had almost ceased and 

only occasional gasping continued. 

, D. 8 53 30. — Pushing ether with the cap covered with mackintosh 

until death ensued. 

In this and the next experiment the respiration was registered by a system 
of Marey’s tambours connected with a pin in the chest wall, the marker running 
below the manometer tracing. 

November 29th.--No. 139. 

Small cat, weight 6^ lbs. Chloroform given at 9h. 29m. 20s. Fallen 
down at 9h. 31m. 45s. Placed on the table at 9h. 35m. 40s. During the 
operation of exposing the oarotid the cornea was quite insensitive, but there 
was whining respiration. Artery ligatured at 9h. 40m. 50 b. Canula inserted 
at 9h. 42m. 20s. Connection with manometer at about 9h. 50m. 30s, One 
Ludwig and one Fick tracing. 

Observations, 

H. M. 8. 

A. 9 51 50. — Ordinary chloroform administration.' 

B. 9 58 50. — Pushing chloroform until death ensued. 

The trace was interrupted just before the end by clots in the tube. 

November 29th. — ^No. 140. 

Moderate-sized monkey, weight 11^ lbs. Temperature of the room 21 
Cent. Into chloroform in a cubic foot box at lOh. 42m. 15s. Fallen against the 
side of the box at lOh. 47m. 20s. A little more chloroform into box at lOh. 
48m. 458. Down at lOh. 49m. lOs. Eyes still blinking. Taken out of box at 
lOh, 60m. 20s, and kept quiet with chloroform. Temperature 103 F. in rectum. 
€atiula inserted into carotid llh. 5m. 30s. 
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One Ludwig and one Fick tracing. 

Observations. 

H. M. s, 

A. 11 12 40. — Ether administration on a cap covered with a small 

piece of mackintosh which failed to keep the animal 
thoroughly under, though the cornea was insensitive, 

. struggling occurring when a pin was thrust into the 
chest. 

B. J.1 20 35.— Ether administration asphyxia by enveloping the 

head completely in mackintosh. 

C. 11 27 50. — Asphyxia by the same moans without ether. 

D. 11 32 20. — Pushing ether jp/ws asphyxia until death resulted. 

The trace was interrujHcd before the death of the animal by a clot in the 

tubes. 

November 29th.— No. 141. 

Large goat, weight 66 lbs. Chloroformed by a nose-bag while standing 
at 2h, 18m. bis. Thrown down at 2h. 19m. 50 b. Cornea insenBitive at 2h. 20m. 
40 b, an^ chloroform stopped, the animal lying quite quiet while being tied 
down on to the table. Some salivation. Cornea sensitive at 2h. 22m. 40s. 
More chloroforai at 2h. 23m. lOs. Comea insciiBitive at 2h. 25m. 30s. and 
chloroform stopped. Left carotid ligatured at 2h. 27m, 408. More chloroform 
at 2h. 31m. 28s. Stopped chloroform at 2h. 33m, 3s. More chloroform at 2h. 35m. 
48s. Stopped chlorofonn at 2h. 36m. 35 b. More chloroform at 2h. 38m. 50s. Canula 
inserted into the artery at 2h. 41m. Stopped chloroform at 2h. 41m. 52s. More 
chloroform at 2h. 43m. 31s. Connection made with manometers at 2h. 44m. 458. 

One Ludwig a*nd one Fick tracing. 

Observations. 

if. M. s, 

A. 2 48 40. — ^Pushing chloroform until respiration ceased {vide 

Fick 3). 

B. 2 52 0.— Artificial respiration. 

C. 2 58 35. — Pushing chloroform until death ensued. 

D. 3 1 ^0. — Thrusting needle into the heart. The depressing effects 

of this operation is seen in the Ludwig trace. 

Posi-mortem. — Temperature 99*6 F, 
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^^ovember 20th. — No. 142. 

Horse thrown and given chloroform at 3h, 19m. 45s. very freely,’^ and 
while struggling chloroform had been stopped about one minute (?) when 
respiration was noticed to have stopped at 3h. 23m. 30s. Artificial respiration 
commenced at once. No pulse at 3h. 25m. 45s., and the animal was not 
restored to life. 


November 29th. — No. 143. 

(7h the jyresence of His Highness the Nizam.) 

Large goat, weight 70 lbs,, given chloroform in a bag while standing at 
3h. 35m. 55s. Thrown down at once. Still bleating at Sh. 37m. 5s. Stopped 
chloroform at 3h. 37m. 508., and while he was being carried and put on the 
table respiration stopped at 3h. 38m. Artificial respiration comnn.'viced at 
onco ; breathing naturally 3h. 38m. 55s. Cornea sensitive. More chloroform 
at 3h. 42m. 25s. Stopped at 3h. 43m. 2s. Artery ligatured at 3h. 43m. 20h. 
Temperature 102 F. in rectum. Temperature of the room 23J Cent. Canula 
inserted at 3h. 46ra. 15s. More chloroform at 3h. 47m. 30s. Connection made 
with the manometers at 3h,' 50m. 30s. One Ludwig and one Fick tracing. 

Observations. 

11. M. 8. 

A. 3 51 0.— Ordinary chloroform administration. 

B. 3 51 30. — Violent struggling (during which the marker was 

pushed over the top of the drum on several occa- 
sions by the violent oscillations in the pressure, and 
the tracings are consequently imperfect). 

C. 3 58 0.— Pushing chloroform until respiration ceased. 

D. 4 3 50. — Artificial respiration. 

E. 4 5 10.— Pushing chloroform until respiration had ceased for ' 

some time, and failure to restore the animal by 
artificial respiration. 

F. 4 9 30.- -The last ineffective gasps are shown on the Ludwig 

tracing. « 


* A pint of chlorofom was said to h^ve beon pomed into the noeerbAg. 
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' November 29th. — No. 144." 

{In the presence of His Highness the Nizam.) 

Small horse, thrown at 4h, 24m. 15s, Given chloroform in a nose-bag 
at 4h. 26m. 56s. Struggling until 4Ii. 28m. 358. Operation to tie artery 
commenced at 4h. 28m. 55s. Stopped chloroform at 4h. 29m. 358, More chloro- 
form at 4h. 30m. 10s. Stopped chloroform at 4h. 31m. 15s. Loop under left 
vagus. Ligature left edrotid artery at 4h. 31m. 50 b. More chloroform at 
4h. 33m. 17 s. Stopped chloroform at 4h. 35m. 40s. Canula inserted at 4h. 36m. 
More chlorofoJim at 4h. 37m. 30s. Stopped chloroform at 4h. 39m. One Ludwig 
and one Fick tracing. 

Ohscrcationa. 

ir. M. s. 

. A. 4 44 0. — Ordinary chloroform administration. 

1>. 4 47 10. — Irritation of left vagus three times, tho second and 
third noticed on Fick readings 2 and 3. 

C. 4 50 30. — Pushing chloroform until respiration ceased. 

D. 5 0 0.— Artificial respiration; Pushing chloroform for 9 

minutes with, at tho same time, irritation of the left 
vagus for more than 7 minutes. 

The respiration ceased after the irritation was discontinued and the chlo- 
roform was then stopped. Pressure continued to fall and artificial respiration 
failed to restore the animal. The trace ends after 5h. 11m., but artificial 
respiration was continued until 5h. 15m. A needle then thrust into the heart 
did not move. Thorax opened and heart still at 5h. 20m. 

November 29th. — No. 14.5, 

• {In the presence of His Highness the Nizam.) 

Monkey, large-sized female (Macacus). Into chlorofonn box, one cubic 
foot, at 5h. 33m. 208. Fallen against the side at 5h. 34m. 30s. Fallen and 
•taken out of box at 5h. 35m. 27s. More chloroform at 5h. 36m. 14s. Stopped 
chlorofonu at 5h. 37 m. 6 b. Commenced incisions in the neck 5h, 37m. 43s. 
More chloroform at 5h. 39m. 20s. Stopped chloroform 5h. 40m, 6s. Divide sterno 
cleido mastoid muscle at 5h. 40m. 27s. Loop under left vagus at 5h. 41m. 37s. 
More chloroform at 5h. 42m. 6s. Stopped chloroform at 5h. 42m. 43s, Open 
trachea at 5h, •42m. l7e. Tube inserted into trachea at 5h, 43m. Opening 
chest wall while artificial respiration maintained by means of a Junker bellows. 
Chloroform from time to time a few whiffs at 5h, 44m. 15s. Opening the 
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pericardium at 6h. 47m. 50». Needle into heart at 5h. 48m. 30s. Irritation 
left vagus, coil 5, at 5h. 50m. 36s, Stopped irritation at 5h. 60m. 478. Irritation 
left vagus at 5h. 51m.' 10s. Stopped irritation at 5h. 51m. 27s. Chloroform 
at 5h. 62m. 3s, Irritation of left vagus at 5h. 62m. 37s. Stopped irritation at 
5h. 52m. 47s, Stopped artificial respiration and chloroform 5h. 53m. 22s. 
Diaphragm contracting rhythmically. Heart slow and feeble at 5h. 53m. 30s. 
Heart almost stopped. Began artificial respiration again at 5h. 54m. 35s. 
Heart more vigorous at 5h. 56m. 27s. Irritation of left vagus not acting made 
liini cough, coil 6, at 5h. 56m. Irritation left vagus, coil 6, at 5h. 56m. 35s, acting 
fully. Irritation of left vagus continued at 5h. 56m. 57s. Chloroform at 5h. 
57m. 15s. Stopped irritation at 5h. 57m. 40s. Irritation of left vagus again at 
5h. 58m» 23s. Coils run up to zero at 5h. 59m. 20s. The heart stopped at first, 
but is now going again. Stopped irritation at 5h. 59m. 46s. Irritation of vagus 
again at 6h. Om. 208. Run up to zero at 61i. Om. 30s. Stop up outlet for air at 
6h. 2m. 23s. Stop chloroform and artificial respiration at 6h. 2m. 55s. Stop 
irritation at 6h. 3m. 10s. Air let out of the chest at 6h. 3m. 358. Artificial 
respiration again at 6h, 3m. 55e. Heart hardly beating at 6h. 5m. 15s, Heart 
stopped at 6h. 6m. 30s. 


November 30. — No. 146. 

Dog, weight 35 lbs., that has had three doses of phosphorus, one grain 
each day, on the 25th, 26th, and 27th instant, respectively. [Of twelve dogs 
similarly dosed four have already died.] Into chloroform box at lOh. 27m. 50s. 
FaUen down at lOh. 32m. 25s. On to the table at lOh. 33m. 15s. and given 
chloroform from time to time. Left carotid ligatured and canula inserted into it. 
Connection with manometers at lOh. 56m. 35s. Two Ludwig and one Fick 
tracing during administration of ether persistently, with more or less perfect 
exclusion of air, until death resulted. Both sides of the heart distended with 
venous blood. Heart and liver both fatty. 

Ohservatim. 


H. M. 

A. 10 50 0.— 'Ether administered with very little air. This obser- 
vation, especially the Fick readings, shows a gain 
that ether has precisely the same action as chloro- . 
form, but is less intense. 
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November 30th. — No. 147. 

• 

Another pariah to which phosphorus has been given as in the case of 146. 
Is, however, more sickly. Into chloroform box at llh. 32m. 57s. Fallen down 
at llh. 40m. 41s. Placed on tlie table and kept quiet with chloroform. Canula 
inserted into artery at llh. 51m. 7b. One Ludwig and one Fick tracing during 
the administration of chloroform persistently until death resulted. At the com- 
mencement there was a sudden fall of pressure — the result of holding the breath. 

Observation. 

H. M. s. 

A. 11 59 45. — Chloroform. The animal held its breath, the effect 
being well seen in Fick 3. The pressure fell rapidly 
and several deep gasps were taken. The respira- 
tion stopped at 12h. Im. 25s. The heart continued 
beating till 12h. 8m. Os. 

November 30th. — No. 148. 

A thin phosphorus dog of the same batch as 146 and 147. (Has had 
chloroform this morning, but was revived by artificial respiration.) Into 
chloroform box at 2h. 30m. 37 s. Fallen down at 2h. 40m., and taken out of 
box. Placed on the table and kept under with chloroform. Artificial respira- 
tion at 2h. 42m. 20s. until 2h. 42m. 50s. Artery ligatured and canula inserted. 
Connections with manometers at 2h. 4ym. 50s. Three Ludwig and four Fick 
tracings showing the effect of (a) giving chloroform on a cap crammed on 
closely over the face so as to partially asphyxiate the animal, compared with 
the gradual fall of pressure that occurs when chloroform is properly adminis- 
tered with air ; (b) giving ether in the same way ; (c) giving ammonia in the 
same way ; (d) holding the dog’s mouth and nose so as to produce asphyxia 

without chloroform or ether, and (e) irritation of the right vagus. The dog was 
eventually killed by making him inhale concentrated chloroform vapour through 
a tube tied into the trachea. 

•3 

Observations. 

H. M. s. 

A. 2 50 0.— ■Chloroform on a cap held close over the face ; the 

animal struggled and held its breath. There was a 
rapid and irregular fall of pressure {vide Fick 2). 

B. 2 53 30. — Chloroform in the same way; same effects produced 

{vide Fick 3), 


IS 
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H. M. S. 

C. 3 1 30.— diloroform in the same way ; same efifects produced, 

but to such a marked degree that it was thought a 
clot had collected in the tubes {see Fick 4). Inter- 
ruption. 

D. 3 11 0. — Chloroform as before ; same effects produced (note 

Fick 6). 

F. 3 17 0. —Chloroform with sufiScient air to ensure regular breath- 

ing ; there was no struggling or holding of the 
breath, and no irregularity of the blood-pressure or 
circulation. Fick 7 is worthy of notice, though it 
records the pulse as the animal was almost coming 
round. 

G. 3 21 10. — Chloroform with insufficient air ; same effects as at A, 

B, & C ; shown very markedly in Fick 8. 

H. 3 35 0. — Inhalation of ammonia. 

I. 3 36 45. — Chloroform again with plenty of air. There was 

slight struggling at first and slight corresponding 
irregularity in the fall of blood-pressure. Fick 12, 
, taken when the pressure was getting very low, shows 
beautifully the regularity of the pressure and pulse 
tracing when the breathing is regular, and ought 
to be contrasted and compared with Fick 2, 3, 4, 
6, 8, and 11. 

J. 3 47 50. — ^Ethqr on cap held close over the face ; struggling 

and holding the breath. Fick 14 and 15 show 
eflects on the pressure and pulse, similar to those 
produced when chloroform is given in the same way. 
Compare Fick 14, 15, and 16 with Fick 7j 8, and 9. 

K. 3 54 20. — Simple asphyxia showing rapid fall of pressure and 

irregular pulse {yiide Fick 17). 

L. 4 1 25. — Chloroform again witli plenty of air. Breathing 

slightly irregular from groaning ; there is a corre- 
sponding slight irregularity in the tracing. 

M. 4 15 15. — Electrical irritation of right vagus : coil 10, 

N. 4 16 40. — Chloroform again with sufficient air to ensure regular 

breathing. This observation was interrupted by 
clotting in Uie tubes. 



115 


H. M. 8. 

O. 4 20 0.— Electrical irritation of right Vague : coil 10. 

P. 4 31 0. — (An open tube had been placed in trachea in the 

interval.) Chloroform on cap over Ihe mouth of 
the tube. Effect kept up by artificial respiration 
till death ; heart stopped at 4h. 41m. Os. 

Q. 4 42 0. — ^Artery cut ; pressure fell to zero. 

If theFick tracings of Experiment No. 148 be com- 
pared with the photographic reproduction of tracings 
A and C of the Glasgow Committee, it will be seen 
that they arc identical, and that the slow action of the 
heart, with great fall of pressure, which the Glasgow 
Committee attributed to some capricious action of 
chloroform upon the heart, was undoubtedly due to 
stimulation of the vagus from asphyxia. The 
tracings of tho Glasgow Committee’s experiments 
show nothing more than that chloroform lowers tho 
blood-pressure, and that sometimes under chloroform 
the fall of pressure is sudden and irregular. When 
once it is proved, as it is by the experiments of the 
Hyderabad Commission, that there is no danger 
in either sudden or gradual falls of tho blood-pres- 
sure, unless the heart is weakened by interference 
with its nutrition, the whole of the Glasgow Com- 
mittee’s contention, with regard to the danger of 
chloroform to tho heart and the necessity for feeling 
tho pulse during its administration, falls to the 
ground. 

December 2nd. — No. 149. 

Monkey of fair size. Temperature of the room 19 cent. Into chloroform 
' box at 8h. 20m. 50e. Fallon down at 8h. 24m. 40s. Placed on the table at 
8h. 25m. 40s. and kept quiet with chloroform. Left carotid ligatured and 
canula inserted into it. Right carotid looped. Trachea opened, and a glass 
tube connected with the India-rubber pump of the Junker apparatus and pro- 
vided with an exit tube tied into it for artificial respiration. Connection with 
the manometers shortly before 8h. 54m. 

One Ludwig and one Fick tracing. 
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H. M. s. ■ Ohiervai^ms/ 

•A. 8 56 30— Ligature of the right carotid. 

B. 8 55 40 — Struggling. • 

C. 8 57 30 — Chloroform administration on a sponge held in front 

of the tracheal tube. 

D. 9 0 40 — Chloroform administration by letting the animal 

breathe through the Junker bottle without the 
India-rubber bellows attachment, and pushing 
chloroform in this way until respiration stopped. 

E. 9 4 0 — ^Artificial respiration in tho ordinary way by compress- 

ing the chest. 

F. 9 9 0 — After recovery, artificial respiration continuously by 

means of the India-rubber bellows of tho Junker 
apparatus attached to the tracheal tube, while 
measures were being taken to separate the head 
from the body. 

G. 9 10 20 — Slight haemorrhage from a largo artery. 

H. 9 18 0 — Slight hfemorrhage from tho jugular vein. 

I. 9 22 30 — Pumping chloroform vapour through the Junker appa- 

ratus into the trachea until respiration ceased. 

After the tracing ended, the head was severed, and the animal gave a few 
diaphragmatic gasps, but eventually died, the heart stopping finally at 9h. 35m. 

December 2nd. — No. 150. 

Full-sized pariah. Weight 30^ lbs. Into chloroform box at llh. 10m. 55s. 
Fallen down at llh. 21m. 50s. Placed on the table at 41h. 23m. 46s. and 
kept quiet witli chloroform. Loop under both vagi and canula inserted iuto 
left carotid in the usual way. Connection made with tho manometer at 
llh. 41m. 15s. Three Ludwig and two Pick tracings (tho 1st Fick reading 
is incorporated with the Fick of 149), * . 

H. M, s. OhsewaMons. 

A, 11 42 60 — Smothering by holding the mouth and nose tightly 

closed. The effect of this is shown in Fick 2. The 
pulse fell from 116 before the smothering to 38 after, 

B. 11 45 0 — Gradual chloroform administration with plenty of 

air in the ordinary way. 



117 


H. M. B. 

0. 11 48 30 — Smothering again while the animal was well under 
chloroform. 

D. 11 50 20 — Smothering again when it was just about to come 

out of chloroform. 

E. 11 53 45— Giving chloroform again for a short time and then at 

llh. 55m. 15s, smothering the animal, during which 
• proceeding respiratory movements completely ceased, 
and though a spontaneous attempt was made to 
, breathe artificial respiration became necessary. 

F. 12 4 5 — Giving chloroform again with lots of air, and as soon 

as the animal’s cornea was insensitive, smother- 
ing it. 

G. 12 9 30 — Giving chloroform with the cap crammed on to the 

muzzle so as to admit very little air, and pushing it 
until respiration ceased. Artificial respiration at 
12h, 11m. 30 b. 

H. 12 17 35 — Smothering again {vide Fick 7 and 8). Those obser- 

vations were accompanied by very violent strugglmy, 
and the smothering was consequently ineflective. 

T, 12 23 15 — Smothering again. The pressure fell 20mm. The 
effect of simple smothering in lowering the blood- 
pressure and slowing the pulse is well shown in the 
Ludwig tracing and in Fick 10 ; compare with Fick 2. 

.1. 12 37 30 — Division of both vagi. 

K. 12 3^ 20 — Giving a little chloroform at times to keep the animal 

under. 

L. 12 40 20 — Smothering again. Fick 13 and 14 show that 

smothering after division of the vagi did not cause ^ 
any slowing of the pulse as it did when the vagi 
were intact. 

M. 12 48 0. — ^Inhalation of Amyl nitrite, of which, however, the 

quality was very doubtful, 

N. 12 51 30.— Chloroform was then pushed until respiration ceased, 

and the animal died in spite of artificial respiration. 

Before the last observation the animal’s temperature had fallen below 95 F. 
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December 2nd. — No. 151. 

Ter&perature of the room 23J Cent. Fair-sized pariah, very thin, and 
wotmded. Weight 23 lbs. Into chloroform box at 3h. 14m. 3s. Fallen down 
at 8h. 20m. 5 b. Placed on the table at 3h. 20m. 30s. Loop under both vagi. 
Temperature in the rectum at 3h. 26m. 101 F. Artery ligatured at 3h, 26m. 47s. 
Canula inserted at 3h. 27m. 55 b. Connection with manometer at 3h. 44m. 30s. 
Two Ludwig and one Fick tracing. , 

Ohservations. 

H. M. s. 

A. 3 46 20 — Ordinary chloroform administration at various times. 

^B. 3 50 30— Smothering by holding the mouth and nose. The 
blood-pressure fell 25mm. and the pulse dropped 
from 72 to 31 per minute. 

C. 3 55 0 — Cutting both vagi. 

D. 3 58 25 — Smothering again. The effect of smothering, now that 

the vagi are cut, is to cause an inappreciable fall of 
blood-pressure, and acceleration of the pulse to 105 
per minute; compare Fick 2 and 10 of Experiment 
150, and Fick 3 of 151, with Fick 5 and 6 of 151. 
The difference in the effects of smothering before and 
after division of the vagi is obviously duo to the 
section* of the nerves. 

E. 4 1 40 -Artificial respiration. 

F. * 4 3 30 -Pushing chloroform until respiration ceased. 

G. 4 8 10 -Inhalation of Amyl nitrite of somewhat better quality 

than in the last experiment. 

* • 

H. 4 16 50 — Chloroform again with struggling and eventual death 

in spite of artificial respiration. Temperature in 
the rectum at death 96 F. 

I 

December 3rd. — No. 152. 

Rabbit, weight 3| lbs. Temperature of the room 19 Cent. Chloroform 
at 7h. 52m. in a cubic foot box. Fallen down at 7h. 59m. 15s. Taken out of 
box at 7h. 59m, 45s. and kept quiet with chloroform. Canula inserted into left 
carotid. Connection with manometer a little before 8h. 35m. One Ludwig 
tracing and two Fick readings on the same tracing as 154, Chloroform 
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was first giv6u gradually and then pushed by pressing the cap closely upon 
the animal’s nose and mouth. The effect of this latter proceeding is not 
shown in the tracing, owing to the arteiy becoming hopelessly drawn out of 
its sheath and twisted. Respiration ceased at about 8h. 52m. 30s. and the 
heart was still beating when the observation ceased at 9h. 

December 3rd. — No. 153. 

Rabbit, weight 3f lbs, Tcmijerature of the room 19‘7 Cent. Into 
chloroform box at 9h. 45ni. 40s. Fallon down at Oh. 52m. 408. Taken out at 
once, but not Jjeing properly under, was put in again. The box was afterwards 
opened from time to time, but the animal was never fully insensitive. Convul- 
sions began at lOh. 9m. 558., and it was then taken out of box, and as it was 
not under, it was given more chloroform on a cap at once. It stopped breath- 
ing and artificial respiration was begun at lOh. 11m. 40s. Heart was still beat- 
ing very rapidly, but efficiently when the thorax was opened at lOh. 14m. 45s. 
Auricle only beating at lOh. 52m. 30s. Auricle still beating regularly, though 
slowly, at nil. 49m. Auricle still beating, but more feebly, at 12h. 7m. A 
portion of the auricle was still beating slowly at Ih. 2m., although all the 
organs had begun to shrivel up by drying. 

December 3rd. — No. 154. 

Temperature of the room 20.^ Cent. Monkey, fair-sized, but thin and 
wounded, weight 9;^ lbs. Into chloroform box at lOh. 44m. Fallen against 
the side at lOh. 51m. 15s., but still winking. Came out completely at lOh. 53m. 
30s., and more chloroform was put into the box. Taken out of the box at lOh. 
55m. 50s. and placed on the table and kept quiet with chloroform, while an 
operation to expose the spinal cord was performed. Temperature 102 '8 F. 
in the rectum at llh. 3m. Spinal cord exjiosed opposite the 5th cervical 
vertebra at llh. 8m. Loft carotid ligatured at llh. 14m. 208. Canula inserted 
at llh. 15m. 43s. One Ludwig tracing and a part of one Fick (incorporated 
with 152). 

Ohsoi'vations. 

H. M. S. 

A. 11 20 45 — Ordinary chloroform administration. 

B. 11 26 0 — Chloroform by Junker’s inhaler attached to the 

tracheal tube. 

C. 11 27 J.5 — Artificial respiration by the Junker bellows attached 

to the tracheal tube. 

D. 11 30 30— Severance of the spinal cord at about the fifth cervi- 

cal vertebra. 
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H. M. S. 

E. 11 33 0 — Chloroform again by Junker continued until the heart 
almost ceased beating, 

December 3rd. —No. 155. 

Fair-sized monkey, weight 9| lbs. Temperature of the room 23 Cent. 
Into chloroform box at 2h. 31ni. 28s. Fallen down at 2h. 40m. Placed on the 
table and kept quiet witli chloroform while the spinal cord was being exposed, 
during which proceeding there was a loss of about 1 Oz. of blood. Tempera- 
ture in the rectum 102 F. at 2h. 45m. Artery ligatured 2h, 51m. 45s. Canula 
inserted at 2h, 65m. 30s. Trachea opened and tube inserted at 2h. 57m. 50s. 
Connection made with manometer at 3h. 2m. A little chlorofonn was accident- 
ally thrown into the trachea by the Junker apparatus and death resulted in 
spite of artificial respiration. 

December 3rd. — No. 156. 

Weight 27^ lbs. A large pariah that has had two grains of phosphorus this 
morning. Into chloroform box at 3h, 26m. 30s. Fallen down at 3h. 39m. 358. 
and placed on the board at 3h. 40m. 10s. Artery ligatured at 3h, 46m. SOs., 
and canula inserted at 3h. 48m. Loop under both vagi. Connection made 
with manometer at 3h. 51m. 7s. One Ludwig and two Fick tracings. 

II. M. s. Observations. 

A. 3 56 40 — ^Administration of chloroform with a cap closely ap- 

plied to the muzzle (Fick 2 shows the extreme in- 
hibition of the heart’s action probably owing to 
vagus stimulation from interference with the res- 
piration). 

B. 4 0 5 — Gradual adniinistration of chlorofonn with plenty of air. 

C. 4 3 55 — Simple smothering without chloroform by holding 

the moutli and nose (compare Fick reading 5 with 
Fick reading 2). These readings are identical (1) 
with each other ; (2) with Fick readings 4 and 9 of 
Experiment 117, which are ti'acings of simple vagus 
irritation ; (3) with Fick Reading 11 of Experiment 
64, which is a tracing of vagus irritation and 
chloroform administration combined ; (4) with Fick 
Reading 13 of Experiment 178, which records the 
arrest of the heart, after stoppage of the respiration 
by chloroform poisoning ; and (5) wilih the Glasgow 
tracings A and C, more especially 0. 
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H. M. S. 

D. 4 7 0. — Division of both vagi. 

E. 4 10 35. — Simple smothering again (compare the extremely 

rapid pulso in Pick 7, with the slow pulse of Pick 5 
before the vagi were divided). 

F. 4 14 50. — Chloroform again with the cap closely applied while 

the pulse was still extremely rapid (compare 
No. 151). The pressure fell rapidly, and after the 
eliloroform was stopped the animal gave two or 
three convulsive gasps in rapid succession which 
had no eflect on the pressure. 

G. 4 16 20. — Artificial respiration failed to restore the animal and 

the heart stopped boating about six minutes after 
the last gasp. Temperature 101 "4 P. Thorax opened 
at 4h. 23m. Heart quite still, but irritable. 
December 4th. — No. 157. 

A largo pariah, weight 38 lbs., that had throe grains of phosphorus 
yesterday — one in the morning and two in the evening. Temperature of the 
room 18^ Cent. Into clilorofonn box at 7h. 58m. 30s. Fallen down at 8h. 4m. 
59s. Left carotid ligatured and canula inserted. Temperature 10*0*6 F. in tlio 
rectum. Both vagi looped. Connection with manometer at 8h. 26m. 40s. Two 
Ludwig and two P'ick tracings. 


Ohscrvatlom. 


A. 

B. 


II. M. 

8 27 


s. 


C. 


0. — Ordinary chloroform administration. 

8 28^15. — A romai'kable fall of pressure and slowing of the pulse 
{vide Pick 2) that occurred after the chloroform had 
been stopped. The apparatus for holding the dog’s 
muzzle was being removed at the time, but no 
exact cause could be assigned for the fall of pres- 
sure (which resembles that produced by asphyxia 
in other phosphorus dogs), except that the animal 
was holding its breath. After about a minute the 
pressure and juilse were restored to their previous 
condition without artificial resphation or other 
intorforenco. 

8 35 0.— Snipping of the margin of the anus (Pick 3). 


10 
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H. M, B. . 

D. 8 38 40. — Chloroform with the cap closely applied h) the muzzle 

(vide Fick 4). 

E. 8 42 45.— Chloroform again (the animal struggling and holding 

breath) ; pushed until respiration had stopped. 

F. 8 44 0. — ^Artificial respiration. 

G. 8 45 0. — Division of both vagi. 

H. 8 48 20. — Chloroform very gently with lots of air until respira- 

tion had almost stopped. 

I. 8 57 20. — Chloroform again pushed until the respiration ceased 

entirely, 

J. 8 59 0.— Artificial respiration for broken periods. At one time 

tho artificial respiration appeared to have the effect 
of preventing the natural rise of pressure {vide the 
Ludwig tracing just after Fick reading 9). Tho 
animal now entered into a completely anomalous 
condition in which he gasped slowly and irregularly 
and the pressure rose and fell in the most rapid 
manner without any apparent reason, 

K. 9 10 40. —Irritation of the peripheral end of the right vagus, at 

first with the coils distant 15, and afterwards 10 
centimetres, the latter proving effective. 

L. 9 13 50. — Pushing chloroform until death resulted (the tracing 

• was interrupted by clots in tho tubes which were 

only cleared just before death). 

December 4th. — No. 158. 

Large pariah, weight 37 lbs., that had three grains of phosphorus 
yesterday like 157, Into ehloroform box at lOh. 23m. 20s, Fallen down and 
at once placed on tho table at lOh. 28m. 45s. Kept quiet with chloroform from 
timo to time. Temperature 101 F, Breathing very feeble and slow at 
lOh. 31m. 30s. and artificial respiration performed now and again until lOh. 46m. 
Artery ligatured at lOh, 38m. and canula inserted. Connection with the mano- 
meters at lOh. 47m. Two Ludwig and one Fick tracing. 

n. M. s. Observations. 

A. 10 61 55. — Ordinary chloroform administradon, struggling Mid 

holding the breath. 

B. 11 4 0.— Pushing chloroform until respiration stopped. 
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H. M. S. 

0. 11 8 10. — Injection of liquor atropinoe 10 mimms into the peri- 

tonenm. 

D. 11 12 5. — Irritation of the right vagus to test the effect of atropine. 

E. 11 13 30. — Injection of 20 minims more liquor atropinoe into peri- 

toneum. 

F. 11 16 30. — ^Irritation of the right vagus again, with now a distinct 

rise of pressure. The vagi are paralysed by tho 
atropine. 

G. 11 21 0. — Pushing chloroform gently, but not without some 

struggling and holding tho breath. 

H. 11 29 0. — Smothering by holding nose and mouth {pide Fick 4, 

in which tho pulso is alternately slow and quick 
according to tho phase of respiration, but distinct 
vagus irritation is absent, and compare with Fick 2 
and 5 of 156). 

1. 1 1 31 0. — Pushing chloroform until respiration ceased ; artificial 

respiration failed to restore the animal. 

December 4th. — No. 159. 

Temperature of the room 23‘5 Cent. Dog, weight 35 lbs., that has had 
phosphorus (one grain yesterday, ono to-day). Into chloroform box at 
3h. 3m. 458. Fallen down at 3h. 8m. 8s. and placed on the table at once and 
given chloroform from time to time to keep it quiet. Breathing stopped and 
artificial respiration performed at 3h. 14m. 35s. and continued for a few 
seconds. Temperature in rectum 101'9 F, Canula inserted into the artery 
at 3h. 17m. 10s. , Connection with manometer at 3h. 19m. 8s. Tho animal 
was fully, sensitive and chloroform was given almost immediately. Violent 
struggling with the breath held ensued and afterwards deep inspirations and 
howling, during which he must have inhaled chloroform very freely. Chloro- 
form was stopped after one minute and respiration ceased after about three- 
quartevs of a minute more. Artificial respiration was at once commenced, and 
after about 3| minutes there were a few feeble gasping respiratory movements, 
which did not, however, raise the mean blood-pressure at all. Artificial respira- 
tion was continued for five minutes longer, but failed to restore the animal, 
the heart ceasing to heat about ten minutes after the chloroform was commenced. 
The liver was distinctly fatty, and the heart appeared to be soft and flabby. 
One Ludwig tracing only. 
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December 4tb. — No. 160. 

Pariah dog, weight 24 lbs., has had two grains of phosphorus as in 159. 
Into chloroform box at 3h. 38m. 24s. Fallen down at 3h. 49m. 20s. Placed 
on the table at once. Canula inserted into the left carotid at 3h. 55m. 45s. 
Connection with manometer at 3h. 59m. 30s. One Ludwig tracing only. 
Chloroform was given at first very gently with plenty of air until the animal 
was ftilly under. The animal’s head was then placed in a bladder which 
communicated with an apparatus (described in Appendix) for generating 
carbonic acid and the inhalation of this gas commenced. Bloo|i-preBsure fell 
slowly at first, but afterwards more rapidly. After 3| minutes the respiration 
stopped, and the bladder was at once taken off the dog’s head and air freely 
admitted while artificial respiration was commenced. Gasping respira- 
tory movements occurred after about a minute, but had little or no effect 
upon the blood-pressure, and ceased finally after another minutn. Artificial 
respiration was resumed, but without avail. The liver was not apparently 
fatty. 

December 6th. — ^No. 161. 

Temperature of the room 20 Cent. Largo pariah, weight 26 lbs., that has 
had three grains of phosphorus in one-grain daily doses, but is not particularly 
sick, though out of a batch of seven, of which he is one, who were dosed with 
phosphorus in the same way, three died in the course of the day. Into chloroform 
box at lOh. 11m. 20s. More chloroform into the box at lOh. 17m. 40s. Fallon 
down at lOh. 22m. 40s. Placed on the table at lOh. 23m. 25s. Slight convul- 
sions at lOh. 25m., after which the breath was held for about half a minute and 
artificial respiration was employed for a few seconds. More chloroform at lOh. 
25m. 55s, as the animal was sensitive and groaning.- Temperature in the rec- 
tum 100‘4 F. Chloroform stopped again at lOh. 27m. 50s. More chloroform 
at lOh. 29m. 25s. Artery ligatured at lOh. 30m. Stop chloroform again at lOh. 
SOm, 10s, , Canula inserted at lOh. 31m. 52s. More chloroform at lOh. 33m. 
50s. until lOh. 34m. 30s. More chloroform again at lOh. 34m. 40s. Stop chlo- 
roform at lOh. 35m. 20s. Connection made with manometer at lOh. 36m. 30s.' 
Three Ludwig and two Fick tracings. 

H. M, B. Observations, 

A. 10 39 25.— Administration of alcohol by Junker’s inh^er, the 
tube introduced into the nostril (the pressure in 
this animal fell in a marked way whenever he 
struggled). 
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'H. M. B. 

B. . 10 45 0.— Alcohol contirmod, but close fitting inhaler used in 

place of the tube in the nostril. 

C. 10 51 30.— Chloroform administration with struggling. 

D. 10 59 10. — ^Inhalation of carbonic acid, and chloroform at the 

, same time (vide especially Fick reading 3). 

E. 11 9 4. — Carbonic acid inhalation again (after giving fresh air), 

* and foi a short time chloroform as well (vide Fick 6). 

F. , 11 24 0. — Carbonic acid inhalation again with more careful 

exclusion of air. After the Carbonic acid was stopped 
he breathed spontaneously for a short time, but arti- 
ficial respiration then became necessary at intervals. 

Ct. 11 48 0. — Lastly, smothering by bandaging mouth and nose 
with an elastic band until he died. 

December 6th. — No. 162. 

Weight 9 lbs, Monkey jthat had half a grain of morphine at 12 o’clock 
hypodermically. Into chloroform box at 2h. 25m. 5s, Fallon down at 2h. 32m. 
15s. and at once placed on the board. Artery ligatured and canula inserted as 
usual. Connection with manometer at 2h. 50m, tSs, Two Ludwig and one 
Fick tracing during repeated administrations of chloroform until respiration 
ceased, with an increasing interval on each occasion before commencing artifi- 
cial respiration .jintil at last it failed to restore life. 

• Ohservations. 

ir. M, * s. 

A. 3 52 55, — Gentle chloroform administration with plenty of air. 

At first there were irregularities in the respiration, 
sneezing for example, and the trace is slightly 
irregular. The respiration then became regular, 
and the fall of pressure was perfectly regular 
until cessation of the resj)iration at 2h, 58m. Os. 
Artificial respiration was commenced at 2h. 58m. 30s. 
and stopped at 2h. 59m. 20s. The animal then 
wont into a profound sleep until 3h.'10m. 35s., when 
more chloroform was given. 
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H, U. B. 

B. 3 14 30.— More chloroform. The respiration stopped at 3h. 16m. 

Os. Artificial respiration was commenced at 3h. 16m. 
40s., and the animal was fully restored at 3h. 23m. 
Os. The artificial respiration was stopped from 
3h, 18m. 35 b. to 3h. 19m. Os., when Fick 6 was 
taken. There is barely any pulse tracing to be seen 
in Fick reading 6, but the heart was not weakened 
and the animal was revived completel;^ by continued 
artificial respiration. 

C. 3 27 5. — Chloroform more freely than before. Kespiration stop- 

ped at 3h. 28m. Os, and artificial respiration was 
commenced at 3h. 2ym, 15s, Fick 9 was taken at 
3h. 28m. 558. and shows entire absence of pulse 
tracing, and yet, as in Fick 6, the heart was not 
weakened, and the animal was again rapidly restored 
by artificial respiration. 

D. 3 38 40. — Repetition of Band C. This time the animal at first strug- 

gled and held its breath, and there was consequent 
irregularity of the circulation {vide the Ludwig tracing 
and Fick 11). The respiration stopped at 3h. 39m. 
40s., and Fick 12 shows complete absence of pulse 
tracing again. Artificial respiration was commenced 
at 3h. 41m. 30s. and the animal was easily restored. 

E. 3 48 10, — Chloroform pushed till death ; the respiration stopped 

at 3h. 52m. Os. and the hefirt stopped at 3h. 57m. 
30s. 

* 

Experiment 162 shows that absence of the pulse tracing, which was 
observed every time the respiratory centre was paralysed, is no proof whatever 
that the heart has ceased to act, or, though it has ceased to act temporarily, 
that it has failed. It is remarkable that when the heart stopped {vide Fick 6, 9 
and 12 and the Ludwig tracing on either side of these readings) there was no 
further fall of blood-pressure, showing that at the time of cessation the pressure 
was already as low as it could be. If direct weakening of the heart were the cause 
of the fall of blood-pressure in chloroform administration, we ought to find the 
heart-beats getting smaller and smaller up to the time when the pressure 
reaches its lowest, and gradually growing bigger and bigger again on the o^er 
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side as the effect of the chloroform wears off Instep of this, Experiment 162 
shows that there were ample pulsations on both sides of the temporary 
pauses. If Fick 9, with the Ludwig tracing on either side, is carefully studied, 
it will be seen that up to the time the heart beats ceased, the pulsations recorded 
in the Ludwig were ample and strong. There was then a temporary arrest of 
pulsation for 6 seconds {vide Fick 9). Immediately after Fick 9 the pulsation 
returned for 5 seconds {vide the Ludwig between 3h. 28m. Os. and 3h. 29m. Os.) 
Afterwards there was a long pause of 20 seconds without any pulsations 
at all. This pause was so marked that Dr. Bomford thought a clot had formed 
in the tube, and at 3h. 29m. 10s. he wrote on the Ludwig tracing “ ? clot.” 
Artificial respiration was just about to be commenced when the animal gave two 
spontaneous gasps, vigorous pulsations followed and the pressure was raised in 
five seconds to the height it was at before chloroform was administered in 
Observation C. 


December 7th.— No. 163. 

Temperature of the room 23 Cent. Medium-sized pariah, weight 25J lbs. 
that has had three grains of phosphorus, oho daily on the 3rd, 4tli, and 6th 
instant. Is now very feeble and can hardly stand. Tied on to the dog-board 
at lOh. 44m. 15s. Given chloroform on the ordinary cap at lOh. 44m. 45s. 
Operation to tie carotid commenced at lOh. 45m. 30s. Chloroform stopped at 
lOh. 46m. 458. Canula inserted into carotid at lOh. 50m. 15s. Temperature in 
rectum 94*6 F. Connection made with manometer at lOh. 55m. One Ludwig 
and one Fick tracing during very gradual administration of chloroform, the 
animal’s head being inserted through an opening in the side of a largo box 
(8 feet cubic contents) and carefully packed with wot cloths after one ounce of 
chloroform had been introduced into the box on blotting paper. Post-mortem 
temperature 94’8 F. 

December 7th. — No. 164. 

Temperature of the room 23 Cent, Another phosphorus dog of the same 
batch, but does not appear to be particularly ilL Weight 29 lbs. Tied down 
on the board and given chloroform on a cap at llh. 27m. 40s. Chloroform 
stopped at llh. 29m. 6s. More chloroform at llh. 30m. 45s. Stopped again 
at llh. 31m. 68. Both pupils dilated. Artery ligatured at llh. 31m. 468. 
Temperature in the Vagina 102 F. Canula inserted at llh. 84m. 6 b. More 
chloroform at llh. 36m. 10s. Connection made with manometer at llh. 39m. 
10s. Two Ludwig and one Fick tracing. 



H. M, s. Ohservations. 

A. 11 39 0. — Rapid chloroform administration while struggling and 
holding breath. Great irregularity is observed in 
the Ludwig tracing. 

Jl. 11 41 0. — Gentle administration of chloroform in the ordinary 
way so as not to excite struggles. The contrast to 
Observation A is very marked. 

0. 11 44 0. — Very gradual administration with the large box as in 

163. 

D. 11 52 40. — Snipping the skin of the thigh. 

. E. 11 53 50. — Excision of one of the nipples. 

F. 11 55 10. — Evulsion of nails. 

After these at 12h. 2m. Os. the box was opened and the air freshened by 
means of a bellows and then closed again after another ounce of chloroform had 
been introduced. This was continued until the animal died. The respiration 
ceased at I2h. 12m. Os., and the heart stopped at 12h. ISm- 30s. rost-mortom— 
Temperature 101 F. Liver very friable, but very congested and of a dark 
colour. Heart distended. 

December 7th, — No, 165. 

Monkey, weight 9 lbs., to whom one drachm of tincture of cantharides was 
given by the stomach yesterday evening and another this morning, and it does 
not appear to be ill at all. Flaced on the board and given chloroform at. 2h. 
41m. 40 b. Chloroform stopped at 2h, 45m, 30s. Chloroform again at 2h. 47m. 
5s. for a short time. Again at 2h. 49m. Artery ligatured at 2h. 52m. 5s. and 
more chloroform at 2h, 52m. 308, Stopped again at 2h. 53ra. 10s, No urine 
in the bladder. Loop under the internal jugular vein. Canula inserted at 2h. 
56m. A little chloroform again at 2h. 57m. Ss. One Ludwig tracing and one 
Fick reading on the same tracing as 167. Chloroform was given very freely 
on a cap closely applied while the animal was stmggling. He then alternately c 
held his breath and gave deep gasps while the pressure fell rapidly. Respira- 
tion stopped. Cliloroform was discontinued and artificial respiration was 
performed. He afterwards breathed in a feeble snorting way for. a short time 
and then stopped finally. Artificial respiration was again performed for 
several minutes, but without effect, the heart gradually ceasing. The blad- 
.der was ' empty and the kidneys congested. The mesentery was very much 
congested. 
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December 7tb. — No. 166. 

Unusually large pariah dog, weight 39 lbs. (unpoisoned, but old and tooth- 
less). Placed on the table struggling violently and given chloroform at 3h. 
27m. 10s. Chloroform stopped at 3h. 28m. 50s. Struggling again and given 
more chloroform from 3h. 31m. 30s. to 3h. 33m. 10s. Artery ligatured at 3h. 
33m. Noticed to have stopped breathing at 3h. 34m. Ss. and artificial respiration 
was performed until 3h 39m. A needle thrust into his heart at that time did 
not beat. Lungs pigmented and bloodless. Mitral valve almost cartilaginous 
on its free margin. This dog’s death was the result of inattention on the part 
of the attendants, who were seeing how quickly they could tie the artery and 
were not watching the respiration. 

December 7th. — No. 167. 

Pariah, weight 38| lbs. (unpoisoned and healthy). Into chloroform box at 
3h. 50m. 50s. Fallen down at 3h. 54m. 308. and placed on the board at once. 
More chloroform at 3h. 55m. 458. Stopjied at 3h. 57m. More chlorofonn at 3h. 
58m. Artery ligatured at 4h. 50s. Chloroform stopped at 4h, Im. Ifis. Artery 
ligatured and canula inserted. More chloroform at 4h. 3m. 35s. Stopped at 4h. 
5m. 3s. Connection made with the manometer at 4h. 5m. 208. One Ludwig 
and one Fick tracing (which includes the solitary reading of 165). After a 
little chlorofomi had been given 5mm. of nicotine were injected into the peri- 
toneum. Shortly afterwards the pressure begaii to fluctuate violently and the 
dog to gape as if ho were about to vomit. Fick reading 2 was then taken and 
immediately afterwards tlio pressure rose steadily and with slight oscillations to 
above 250 mm. and landed the marker on the top of the drum. There was no 
apparent caitso for this rise and no spasm was noticed; but in the confusion it may 
have been overlooked. The pressure soon fell again to about 180mm. Chloroform 
was discontinued and respiration ceased for rather more fJian a minute. After 
another tv^o minutes the pressure began to fall rapidly, and the administration 
of chloroform, which was continued for about half a minute, seemed to hasten 
this fall. The breathing soon after ceased and the nnimfll died. Convulsive 
•twitchings of the jaw, ears, and forepaws continued until after 4h. 30m. The 
movements continued for more than ten minutes after death, and were sufficiently 
forcible to jerk the handles of a pair of pressure forceps fixed on the end of the. 
tongue off the table at each spasm, 

December 9th. — No. 168. 

Monkey, weight 9ilbs., placed in the chloroform box at lOh. 19m. 44s. 
b alien down at lOh. 28m, 42s. and at once placed on the table and kept quiet 
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with chloroform. Artery ligatured at lOh. 36m. 47 b. Canula inserted at lOh. 
88m. 658: Connection with the manometer at lOh. 42m. 45 b. 

One Ludwig tracing and part of one Fick (incorporated with 169 and 170), 

Observations. 

H. M. s. 

A. 10 44 5.— Ordinary chloroform adminietration. No struggling ; 

tracing regular. • 

B. 10 46 0.— -Chloroform administration. Struggling and holding 

the breath ; very irregular breathing continued with 
correeponding irregularity of the circulation until 
. lOh. 53m. 30s. 

C. 10 50 0. — Continued gentle administi'ation of chloroform with 

plenty of air until death. Tho respiration stopped 
at lOh. 59in. SOs. and the heart at llh. 3m. Os. Post- 
mortem — Temperature 100*8 F. 

• December 9th. — No. 169. 

Dog, 37| lbs. Given chloroform at llh. 12m. SOs. Fallen down at llh. 15m. 
65s. Placed on the table ut llh. 16m. 10s. More chloroform given llh. 17m. 
47s. Stopped at llh. 18m. 25s. More chloroform at llh. 19m. 6s. Artery liga- 
tured at llh. 19m. 55s. Stopped chloroform at llh. 21m. 5s. Canula inserted at 
llh. 21m. 21s. More chloroform at llh. 22m. 35s. Stopped chloroform at llh. 23m. 
10s. Connection with manometer at llh. 24m. 25s. One Ludwig and part of a 
Fick tracing during continued gentle administration of chloroform until death. 

H. M. s. 

A. 11 27 6. — Chloroform gently. 

11 30 55. — Respiration stopped. 

11 34 45. — Heart stopped. 

December 9th. — No. 170. 

Weight lOj; lbs. Monkey that has had a drachm of tincture of cantharides 
yesterday and the day before. Into chloroform box at llh. 47m. 43s. Taken 
out and placed on the table at 12h. 3m. and kept quiet with chloroform from 
time to time. Artery ligatured at 12h. 9m. 20s, Canula inserted at 12h. 10m. 
36s. Connection with the manometer at 12h. 13m. 10s. One Ludwig and 
a part of a Fick during gentle administration of chloroform until death 



13f 

ensned. PoBt-mortem — ^Temperature 104 F. Bladder quite empty. No visible 
congestion of the kidneys. 


I. M. S. 


A. 


A. 

B. 

C. 


12 13 80. — ‘Chloroform gently. 

12 19 40. — Eespiration stopped. 

12 25 0. — Heart stopped. 

December 9th. — ^No. 171. 

Rabbit. Weight 3 lbs. Placed on the rabbit-board at 2h. 43m. 50s. Given 
chloroform at 2h. 45m. and from time to time to keep it quiet. Artery ligatured 
at 2h. 54m. (very small). Caimla inserted at 3h. Connection with the mano- 
meter at 3h, 5m. Part of one Ludwig tracing and of one Fick (incorporated 
with the tracings of 172). 

Olservattom. 

II. M. s. 

8 3 0.— Violent struggling. 

3 8 40. — Chloroform administration pushed until the respiration 
ceased. 

3 10 10. — Artificial respiration ; the artery was then accidentally 
torn and tiie tracing concluded, as it did not seem as 
if the animal was coming round. The heart con- 
tinued to beat until 3h. 17m. 

December 9th. — No. 172. 

Another rabbit. Weight 3^ lbs. Tied on tlie rabbit-board and given chloro- 
form at 3h. 21m. 23s. Artery ligatured at 3h. 26m. 50s. • Canula inserted at 
3h. 29m. 10s. Connection with the manometer at 3h. 37m. One Ludwig trac- 
ing, and one Fick (incorporated with 171). 

11. M. s. Ohservatiom. 

A. 3 38 15. — Gentle chloroform administration on a sponge before 
the nose : struggling. 

3 43 15. — Chloroform again while struggling and holding the 
breath. (The pressure rose every time the animal 
held its breath.) Violent struggling. 

3 45 30. — Chloroform on a cap closely applied to the face with 
more struggling and holding of the breath. 


B. 


C. 
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H. M. 8. . 

D. 3 48 10. — Chloroform oh a cap very gently without exciting 
struggles, and pushed until respiration stopped, and 
the heart was very feeble. A kink in the tube stop- 
ped the tracing. The heart continued to beat until 
4h. 9m. 

It is excessively difficult to administer chloroform to rabbits without 
exciting struggling or making them hold their breath. . 

December 10th. — No. 173. 

Largo pariah dog. Weight 344- lbs. Chloroformed in the box at lOh. 27m. 
38s. Fell down at lOh. 33m. 45s. Placed on the table at lOh. 34m. 2 h. and 
kept quiet with chloroform. Artery ligatured at lOh. 38m. 258. Canula inserted 
lOh. 39m, 45s. Connection with the manometer at llli. 46m, 15s. One Ludwig 
and one Fick tracing. 

II. M. 8. Ohftermttons. 

A. 10 47 50,— Ordinary chloroform administration until the cornea 

became insensitive twice. 

B. 10 54 35. — Injection of one grain of cocaine into tln^ peritoneum, 

C. 10 57 50, — Chloroform again until cornea became insensitive. 

D. 11 6 15. — After the animal had come round, chloroform again. 

very gently but continuously, until death. Another 
injeetion of one grain of cocaine. After the respira- 
tion had stopped two curious rises of pressure with 
improved action of the heart took place (ciile Fick 
readings 17 and 19). 

December 10th. — No. 174, 

Medium-sized pariah. Weight 24£ lbs. Temperature of the room 21^ Cent. 
Into chloroform box at llh. 34m. 48s. Fallen down at llh. 43m. 7b, Placed 
on the board at llh. 43m. 208. and kept quiet with chloroform. Artery ligatured 
at llh. 48m. lOs. Canula inserted at llh. 49m. lOs. Temperature in the 
rectum 102’8 F. Jugular vein ligatured at llh, 57m. lOs. Canula inserted . 
into the jugular at llh. 68m, 45s, Connection with the manometer at 12h. Im. 
45s. One Ludwig and one Fick tracing. 

H. M, s. Obsewations. 

A. 12 2 20. — Chloroform administration while struggling and holding 

breath, but stopped almost immediately, after which 
the pressure fell considerably during a prolonged 
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II. M. B. 

holding of the breath, but was restored to ite former 
height by four deep slow inspirations, the cornea 
being still sensitive. 

B. 12 5 30. — Chlorol’orm again in the ordinary way thi’ee times, the 

third time until the cornea had been insensitive for 
a considerable time. 

f), 12 15 40. — Chloroform again for a short time, and then at 12h. 

17m. Os. injection of five miniins of nicotine into 
the jugular vein. After this there was an immediate 
fall of priJKsure with irregularity and slowing of the 
heart’s action Fick 10), then very rapid heart’s 
action and rise of ju’cssurc, and convulsions followed 
by a very rapid fall. Death ensued four minutes 
after the nicotine was thrown into the heart. 

December 10th. — No. 175. 

Large goat.. Weight 00 lbs. 'Thrown ,and given chloroform at 2h. 34ui. 
408. Loop under both vagi. Artery ligatured at 2h. 41m. 40 b. Cauula in- 
serted at 2h. 43m. 17s. Connection with the manometer at 2h. 50m. 15s. One 
Ludwig and one Fick tracing. 

u. M. .s. Ohservations. 

A. 2 50 15. — Chlorofonn administration during straggling and 
holding the breath, which caused the usual fall in 
pressure. Chloroform was stopped after the pres- 
sure had risen again, and there was a well-marked 
after-fall. 

p. 2 54 0. — Continued struggles and holding of the breath. 

C. 3 0 0. — Chloroform again, very gently and without struggling, 

until the cornea became insensitive. 

1). 3 6 50. — Chloroform gently and continuously until death. The 

respiration stopped at 3h. llm. Os. and the heart 
at 3h. 18m. Os. 

December 10th. — No. 176. 

Smaller and rather thin goat, 46 lbs. Thrown and chloroformed at 3h. 
28m. SOs. Artery ligatured at 3h. 43m. 458. and canula inserted as usual. 
Connection with the manometer at 3h. 39m. 208. One Ludwig and one Fick 
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tracing during : — ContinuouB chloroform adminiBtration until dealh ensued with 
the cap eloBely preBBed over the face. It showB the difficulty of killing an 
animal like the goat, which can pereistently hold its hreath for long periods. 
A very large quantify of chloroform was used. 

December 11th. — No.*177. 

Monkey. Weight 10 lbs. ' Into chloroform at lOh. 47m. 5s. Fallen down 
at llh. 58m. 30b. Placed on the table at once and kept quiet with chloroform. 
Left carotid artery ligatured at llh. 6m. 30b. Canula inserted at llh. 9m. 20s., 
but the artery was accidentally cut acress by the ligature and thq canula could 
not be inserted again as tlie internal coats had collapsed. The left carotid was, 
therefore, tied above and below and abandoned. Right carotid artery ligatured 
at llh. l'8m. 7s. Canula inserted at llh. I9m. 27s. Left vagus exposed and 
looped. Connection made with manometer at llh. 26m. 5s. One Ludwig and 
one Fick tracing. 

II. M. s. Observations, 

A. 11 26 45. — Ordinary chlorofoim administration with struggles. 

(The trace is defective from kinks in the tube.) 

B. 11 25 30. — Free chloroform administration while irritating the 

vagus. (The effect upon the vagus ceased before the 
electrodes were removed (vide Fick 6) and the 
chloroform was pushed until respiration ceased.) 

C. 11 32 O. — Artificial respiration. 

D. 11 36 0. — ^Injection of ether, one drachm, into the peritoneum, 

which had an unexpectedly depressing effect, pro- 
bably from the dose being excessive or the locality 
chosen for the injection unsuitable. (?) 

The experiment was interrupted by the canula breaking while beihg cleared 
and cutting the artery, and the animal was killed with chloroform. 

December 11th. — No. 178. 

Dog that had ^ a grain of morphine hypodermically at 12 o’clock and 
another ^ grain at 2 o’clock. Put into chloroform box at 2h. Im. 58. Fallen 
down at 2h. 6m. 30s. Placed on the table at 2h. 6m. 55s. and kept quiet with 
chloroform. Left carotid ligatured at 2h. 13m. 45s. Canula inserted at. 2h. 
14m. 52s. Connection with the manometer at about 2h. l&m. 30s. Three Lud- 
wig and throe Fick tracings. The object in this experiment was to ascertain if 
morphine had any effect in preventing the success of artificial respiration. 
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Chloroform was given four times gently ‘ until respiration ceased "and longer 
intervals were allowed to elapse each time before artificial respiration was 
commenced. On the first occasion a remarkable slowing of the heart was 
noticed just before and at the time the respiration stopped (joule Fick readings 2 
and 3j. Artificial respiration was commenced after about half a minute and 
natural respiration was soon restored. On the next occasion the heart completely 
stopped at the same time as the respiration {vide Fick reading 8), but soon com- 
menced to beat again. Artificial respiration was begun nearly two minutes 
after the cessation of natural respiration, but this was again speedily restored. On 
the third occa^on the heart again stopped at the same time as the respiration 
(^oide Fick 13) and did not resume its beating for more than half a minute. After 
more than two minutes the animal made two feeble gasps, but artificial respira- 
tion was not begun until four minutes after the original stoppage. The pres- 
sure rose almost at once and natural respiration soon returned. On the fourth 
occasion there was again marked slowing of the heart’s action shortly after 
respiration had stopped (Fick 18), Artificial respiration was begun after two 
minutes and a half and was successful in restoring the natural respiration. After 
recovery the chloroform was again pushed rapidly and continued until deatlx 
resulted without any attempt to restore the animal by artificial respiration. 
There was again some slowing and intermittence of the heart’s action {vide Fick 
26), but the heart continued to boat for eight minutes after the cessation of tlie 
respiration. 

Ohseroations. 

H. M. 8. 

A. 2 19 45 Chloroform. Respiration became very slow at 2h. 21m. 

10s. At 2h. 22m. Os. the pupils were both dilated 
and at 2h, 24m. 40s. the respiration stopped. This 
was immediately followed by a long cessation of the 
action of the heart ; there was then one full boat 
and the very slow action which is recorded in Fick 
reading 3. It is to bo observed that the cessation 
of the heart’s action was not followed by any further 
fall of the blood-pressure, and that the pulsations on 
each side of the pause were ample and strong : in 
short, there was arrest, but there was no failure 
of the heart. Artificial respiration was resorted to at 
2h. 25m, 25s., though there is no doubt the animal 
would have revived without it. 
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H. M. S. 

B. 2 29 25. — Chloroform. At 2h. 33m. Os. J;he respiration became 

very irregular, and ceased at 2h. 34m. 30s. At the 
same moment the heart stopped completely {vide 
Fick 8). It recommenced to beat very quickly, but 
there was a second and shorter arrest, recorded on the 
Ludwig tracing. Artificial i\Dspiratiou was employed 
at 2h. 36m. 30s., but it was unnecessary as the animal 
would have recovered wirhout it. 

C. 2 51 40. — Chloroform. The respiration was thought to have stop- 

, ped at 2h. 53m. 40s., but did not actually stop till 

2h. 54m. 45s. I’he heart stopped at the same 
moment for more tlian a minute. Breathijig recom- 
menced at 2h. 57m. Os., but at 2h, 58in. Os. the pres- 
sure fell again and artificial respiration was resorted 
to at 2h. 58m. 40. The blood- pressure rose rapidly 
and natural breathing recommenced at 3h. Im. Os. 

T). 3 7 25. — Chloroform with plenty of air. The respiration stop- 

' ped at 3h. 14m. Os. Artificial I'espiration was com- 
menced at 3h. 16m. 30s. and the animal soon 
breathed naturally, which he would probably have 
done without artificial respiration. 

E. 3 28 0. — The animal was still stupified from the effect of the 

jjrevious dose of chloroform when this observation 
was commenced. . Chloroform was administered 
freely wdth a closely applied cap. Respiration stop- 
ped at 3h. 32m. 40 b. and the heart ceased. to beat at 
3h. 40m. 25s. 

Experiment 178 is very like Experiment 162 in 
which the heart’s action was temporarily arrested 
every time the respiratory centre was paralysed. 
As in 162 there was no further fall of blood-pres- 
sure during the arrest, and the boats on each side 
of the stop were ample and strong. The most re- 
markable instance of this is seen at Fick 13. For 
more than 2 minutes there were only 17 very slight 
pulsations recorded, and for over a minute of this 
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reading there was no pulsation at all. There was no 
fall of pressure during the arrest, and the’ Ludwig 
tracing shows how strong the beats on each side 
of it were. No better proof could be afforded than is 
to be found in these two experiments that direct 
weakening of the heart is not the cause of the fall 
of the blood-pressure which is inseparable from 
chloroform narcosis. 

Experiments 64, 65, 162, 178 and 186 prove 
three important points : — 

I. — A general fall of blood-pressure, whether sud- 

den or gradual, is not in itself dangerous. 
(Thisns confirmed by the tracings of the 
Glasgow experiments). 

II. — The fall of blood-pressure, which occurs in 

chloroformisation with regular breathing, is 
• due solely to narcosis of the vaso motor sys- 
tem, and is, if not a safe-guard, absolutely 
harmless. 

in. — The fall of the blood-pressure under chloro- 
form is not due to weakening of the heart. 
The heart has nothing to do with producing 
it, unless the vagus is stimulated, or unles 
its nutrition fails either from imperfect 
oxygenation of the blood due to abnormal 
breathing, or from stoppage of the res- 
piration from over-dosing, 

O * 

December 13th. — No. 179. 

Temperature of the room 20’5 Cent. Monkey small-sized. Weight 7 lbs. 
Chloroform given in box at llh. 17m. Fallen down at llh. 30m. 10s. and placed 
“pa the board. Artery ligatured at llh. 40m.. Trachea opened and tube inserted 
inte it. Canula inserted into artery at llh. 46m. Two Ludwig and one 
Fick tracings during — Continued very gradual administration of chloroform by 
dropping it into a funnel lined with blotting paper, which was connected by 
a tube with an opening in a large bottle. A second opening '^in the bottle 
was joined by a tube to the trachea, while a third opening was connected with 
a Marey's tambour registering on the slow Ludwig drum {vide Ludwig tracing). 

The respiration stopped at 12h. 36m. 5b. and the heart ceased at 12h. 42m. 
18 
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December 13th. — No. 180. 

• 

Medium-sized monkey, 9 lbs. Into chloroform box at 2h. 46m. Fallen 
down at 2h. 58m. 3s. and placed at once on the table. Trachea opened and tube 
inserted. Artery ligatured and canula inserted. Connection made with the 
manometer 3h. 14m. 45s. The experiment was prevented by the soda solution 
exuding out of the tracheal tube and killing the animal by convulsions and 
tedema of the lungs. The pressure in the manometer before the experiment was 
exactly that of the blood when connection was made (vide Ludwig tracing). The 
canula was correctly placed in the artery and had not cut it. The tracheal tube 
was also quite perfectly fixed. There was a lot of fluid in both pleural cavities. 
Lungs cedematoUB and one base camified. Both the cavities of the heart con- 
tained a' light coloured alkaline fluid. Peritoneum also full of similar fluid. 
The fluid from the trachea was strongly alkaline and efiervesced freely on add- 
ing hydrochloric acid, and when tested with perchlorido of mercury it gave a 
brown precipitate resembling that given by the soda solution when similarly 
tested. The only possible explanation of this case seems to be that communi- 
cation had been accidentally made between the artery and the vein by which 
means the animal was injected with the soda solution. 

December 13th.— No. 181. 

Monkey, weight lbs. Into chloroform box at 4h. 2m. 45s. Fell down 
at 4h. 11m. 40s. Artery ligatured at 4h. 20m. 45s. Trachea opened at 4h. 23m. 
and a tube tied into it. Canula inserted into the artery at 4h. 25m. 20s. Chloro- 
form at 4h. 27m. 45s. Connection with manometer at 4h. 30m. One Ludwig 
and one Fick tracing during gradual administration of chloroform through the 
same bottle as in 179. Respiration stopped at 4h. 44m. 45s. and the heart 
ceased acting at 4h. 52m. 

. December 14th. — No. 182. 

Monkey, weight 9 lbs. Into the chloroform box at 7h. 42m. 40s. Fallen 
down at 7h. 51m. 10s. and at once placed on the table. Kept quiet with 
chloroform from time to time. Artery ligatured at 7h. 59m. 3s. Trachea opened 
and canula inserted at 8h. 3m. 30s. Canula inserted into the artery at 8h. 10m. 
Ss. Connection with manometer at 8h. 14m. Two Ludwig and one Fick tracing. 

Observations. 

H. 11. 8. 

A. 8 16 20 — ^Administration of alcohol, without any effect whatever. 

B. 8 23 30 — Administration of ether very gradually through the 

bottle apparatus used in 179. 

Bespirataon ceased at 8h. 50m. 30s. Heart stopped at 8h. 56m. Os. 
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December 14th.-— No. 183. 

Dog, weight 30 lbs., that has had 2 grains of phosphorus this morning. 
Into chWoform box at 2h. 3m. 40s. Fallen down at 2h. 9m. 15s. Placed on 
the table i«id kept quiet with chloroform. Artery ligatured at 2h. 14m. Canula 
inserted at 2ht. 16m. 40s. Connection made with manometer at 2h. 20m. 10s. 
Two Ludwig and three Fick** tracings. 

Observations. 

H. M. s. 

A. 2 20 45. — Chloroform administration on a saturated cap closely 

applied, during which the animal held its breath 
and an unusually well-marked fall of pressure oc- 
curred. The Fick apparatus was unfortunately not 
ready at this time. The chloroform was stopped as 
soon as the animal began to gasp to prevent any 
danger of over-dosing. 

B. 2 23 25. — Chloroform administration in the same way repeated 

twice in the hope of obtaining a similar tracing on 
the Fick drum, but the animal did not hold its breath 
rigidly as in the first instance, and there was only 
an occasional slight slowing of tlie pulse (Fick 1 
and 2). 

C. 2 27 35. — Artificial respiration. 

D. 2 31 30. — Salivation and some accumulation of fluid in the 

trachea. 

E. 2 35 15. — Injection of 30 minims of liquor atropinoc into the peri- 

toneal cavity. 

F. 2 40 0. — Irritation of first the left and then the right vague to 

show that the atropine had taken effect. 

G. 2 45 30. — Smothering by holding the nose and mouth. 

H. 2 51 0.— Chloroform again freely, but the animal neither strug- 

gled nor held its breath, owing probably to the 
obstructed condition of the trachea or to the weak 
state of the animal after phosphorus ; recovery was 
very slow. 

* Speed of the Fick dram increased in this experiment, so that it made a complete revolution in Im. 
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H. If, 6. 

'I. 3 3 25. — ^Afber the animal had come quite oiit and had begun to 

struggle, ohloroform was again given very freely. 
The animal held its breath, but no marked slowing 
of the heart or fall of pressure occurred. Chloro* 
form was finally pushed until death resulted. 

December 16th. — No. 184. * 

Dog, weight 29 lbs., that has had two grains of phosphorug (one yester- 
day and one the day before) and was rather feeble in consequence. Chloroform 
^ven at 7h. 35m. 45s. Fallen down and placed on the table at 7h. 42m. Kept 
quiet with chloroform. Artery ligatured at 7h. 51m. Trachea opened and tube 
inserted. Canula inserted into the carotid at 7h. 59m. Connection made with 
the manometer at 8h. 5m. 30s. Two Ludwig and three Fick tracings. 


Ohservattons, 

H. M. s. 

A. 8 11 25. — Blowing up the chest forcibly by means of a bellows 

attached to the tracheal tube ; repeated three times. 

B. 8 17 10. — Exhausting the air in the chest with bellows. 

C. 8 24 40. — ^Production of asphyxia by stopping up the trachea ; 

repeated. 

D. 8 37 0. — ^Injection of 30 minims of liquor atropinoe into peritoneal 

cavity. 

E. 8 41 40.— Blowing up the chest again repeatedly. 

F. 8 59 0. — Stopping up the trachea again. After the atropine, a 

fall of pressure still occurs in inflation of the chest, 
but no slowing of the heart (vide Fick 8 and 9). 
The slowing of the heart during asphyxia is also 
abolished. (Compare No. 158). 

G. 9 1 40.— The animal was finally killed with chloroform. . 

December 16th. — No. 185. 


Dog, weight 36 lbs., unpoisoned and healthy. Into the ohloroform box at 
2h. 30m. 35s. Fallen down at 2h. 36m. Placed on the table at 2h. 36m. 15 b. 
IFoaming at the mouth and kept quiet with chloroform. Artery ligatured at 
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2h. 42m. 30s.* Oantila inserted at 2h. 43m. 25s. Connection with manometer at 
2h. 49m. 20s. Two Ludwig and five Fick tracings. 

Ohsenatiom, 

H. M. s. 

A. 2 51 0. — Struggling and repeated holding of the breath when 

he was quite out of chloroform. 

B. 2 59 45. — Holding an ordinary cap with ammonia on it before 

• the nose, 

C. 3 1 20. — Chloroform administration during struggling and hold- 

ing of the breath, 

D. 3 5 20. — Snipping the anus. 

E. 3 7 0.— Pulling out the tongue forcibly, which had the eifect 

of making him hold his breath, and produced a fall 
of the blood-pressure and stoppage of the heart 
(vide Fick 5). 

F. 3 11 0. — Chloroform during violent struggling. 

G. 3 22 0. — Pushing chloroform until respiration stopped. 

H. 3 31 20. — Squint operation. No eifect. 

I. 3 34 0. — Chloroform pushed until death resulted. 

The Fick drum was revolving in Im. 9s. in this and the previous 
experiment. In all experiments before 183 tho Fick revolution occupied 3m. 9s. 

March 6th, 1890 — No. 186. 

• ' 

Healthy dog, weight 20 lbs. Temperature of room 28 Cent. Chloroform 
given in box Ih. 58m. 30s. Bog fallen down at 2h. 4m. Dog on table at 
2h. 5m. Artery ligatured at 2h. 10m. SOs. Canula inserted at 2h. 12m.* 30s. 
Connection with manometer made 2h. 16m. 30s. 

Observations. 

H. M.*s. 

A. 2 17 50: — Electrical irritation of entire vagus, coil 5, for 30 
seconds. This observation shows the harmless 
effect of sudden lowering of the blood-pressure. 
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H. M. 8. 

‘ B. 2 18 40. — Normal chloroform administration with regular respira- 
tion. The fall of the blood-pressure was perfectly 
regular and gradual. The breathing stopped at 2h. 
24m. Ob., the vagus was stimulated at 2h. 24m. 15s. 
with the effect of slowing the pulse ; and the animal 
was restored without any other treatment. 

C. 2 35 45. — Irritation of entire right vagus, coil 5, and simultaneous 

chloroform inhalation. The breathing stopped at 
2h. 37m. 12s., and was restored without artificial res- 
piration at 2h. 39m. Os. The vagus stimulation was 
stopped at 2h. 39m. 58. and the animal quickly 
recovered. The effect of the vagus stimulation was 
to suddenly lower the blood-pressure almost to zero, 
and chloroform was pushed while the pressure was 
low. If lowering the pressure were a danger with 
chloroform, this administration ought to have been 
particularly dangerous ; but the fall of pressure, 
witli stoppage of the respiration, was obviously a 
safeguard, as the animal recovered without artificial 
respiration or any other measures being taken to 
revive it. 

D. 2 48 25. — Repetition of Observation A for over a minute. 

E. 2 53 32. — Chloroform inhalation with regular breathing. The 

respiration ceased at 2h. 56m. Os. The entire right 
vagus was stimulated from 2h. 56m. lOs. to 2h. 57m. 
25 b. The breathing recommenced at 2h. 57m. 20 b, 
and the administration of chloroform was continued 
for thirty seconds afterwards. The animal recovered 
without artificial respiration or other treatment 
In this observation the stimulation of the vagus : 
after respiration had entirely stopped from over- 
dosing with chloroform and the blood-pressure 
was very low : had the qffeot of still farther 
lowering the pressure, and of keeping it nearly at 
zero, with a slow pulse, for over a minute. K the 
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fall of pressure were in itself a danger under chlo- 
roform, the further fall ought to have increased the 
danger ; but it proved to bo a safeguard and saved 
the animal’s life. 


H. M. s. 

F. 3 6 0. — Ordinary chloroform inhalation ; interrupted to change 

the drum. 

G. ^ 13 40. — Ordinary chloroform inhalation pushed till the animal 

died. The breathing stopped at 3h. 15m. 50s. ; 
there was slight vasomotor recovery at 3h. 18m. Os. ; 
the pulse began to fail at 3h. 19m. 25s. ; a needle 
Was inserted into the heart at 3h. 20m. 45s., and 
continued to move strongly and rhythmically until 
3h. 23m, Os. In this observation the animal was 
left entirely alone after the respiration ceased, and 
it died. 

In Experiment 186 it might be said that the animal’s recovery in 
Observation E was due to the vagus being entire, and to consequent stimulation 
of the respiratory centre when the nerve was irritated. But in the first place 
the respiratory centre was paralysed by chloroform, and until the effect passed 
off it could not respond to .any stimulus ; and in the second place, if the recovery 
was due to stimulation of the respiratory centre in Observation E, it must have 
been due to paralysis of the respiratory centre in Observation C, which is 
impossible. Observation E clearly shows that the fall of the blood-pressuro 
under chloroform is not due to weakening of the heart. As in No. 178, the beats 
of the heart on each side of the inhibition were ample, and became smaller as 
lihe pressure rose during recovery, which, could not bo the case if the organ 
were weakened and the fall of the blood-pressure were due to this cause. 
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97, 98, 100, 103, 110,111, 115,116, 
118, (123), (124), (126), (120), 
(127), (128), 129, (130), 181, 134, 
185, 140, 149, 154, 166, 162, 165, 
168, 171, 177, 179, 180, 181, 182. 

„ 47, lie, 162, 178. 

„ 25, 29, 81, 32, 37, 89,40, 41,79, 80, 164. 
„ 167, 174. 

„ 164. 

„ 41. 

„ 43, 75, 79, 96. 


„ 40, 76, 111, 116. 

,. 82, 41, 44, 45, 93, 108, 118, 116, 185. 

„ 48, 79. 

„ 103. 

„ 64, 70, 71, 89, 119, 185, 148. 

„ 31, 81, 84, 104, 105, 106, 107, 108, 109, 

119, 146, 147, 148, 156, 137, 158, 
159, 160, 161, 168, 164, 188, 184. 

„ 89, 40. 

„ 81, 82, 79, 81, 88, 104. 

„ 88, 40, 79, 81, 106. • 

„ 99, 101, 102, (114), (120), (121), 
(122), 152, 171, 172. 
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Seliae— 'Injection* of, solution into veins ... 

Sciatic nerve — Irritation of — 

Skin— rSnipping off a pieoeof— ... ... 

Soda bicarbonate introduced into tbo vessels accidentally. 
Spinal cord — Severance of— (we Head) ... 

Splancbnic — Swtion of — 

Spermatic cord— Division and Irritation of — 

Stays — limitation of— by plaster of Paris bandage 
Stomach— Opening of— through abdominal wall ^ 

Do. Distension with air 


Nos. 98.108,118,116. 

„ 40, 67, 69, 70, 71, 96. 

164. 

„ 91, 107, 186, 179. 

„ 154. 

„ 80, 108, 111, 115. 

„ 103. 

„ 96, 97. 

„ 88, 104. 

„ 88, 104. 


Do. do. * hot water 


., 83. 


Do. do. iced water 

Do. Pulling at — ^to imitate retching 

Do. Injection of spirits of ammonia into— 
Struggling • ... 


Sntiu'cs 

Teeth— Extraction of — 

Testicles — Injury to — 

Tctaims 

Tongue — ^Allowed to drop back 
Do. Pulling forward forcibly 
Ulna nerve — Irritation of — ... 

Urethra — ^Passages of instrameuts into — ... 


83. 

104. 

116 


„ 74, 78, 80, 81, 82, 83, 84, 86, 88, 91, 

97, 103, 104, 111, 11.3, 118, 119, 
1,%% 138, 140, 14.3, 149, 157, 161, 
164, 168, 171, 172, 174, 175, 177, 
183, lO.n, 

„ 88 . 

31,40,41, 79,83, O.'), 103, 104. 

„ 80,81,84,104. 

167. 

„ 86 . 

„ 18.5. 

„ 83. 

., 79, 10.3, 


Vagus, — IiTitation of the enf//e — 

Mechanical 

Electrical 

• 

« * 

By sod«e bicarbouas... 
By sodae carbonas ... 


„ 69, 70, 71, 78. 

„ 85, 36, .39, 69, 74, 7fl, 76, 78, 80, 81, 

87, 95, 103, 107, 108, 117,118,119, 
148, 158, 183, 184. 

,. 81. 

„ 86 . 


Vagus, Irritation of the ^ripherul 

Do. do. central ... 

Do. Ligature of 

Do. Division of 


„ 36, 89, 64, 65, 69, 70, 71, 78, 96, 107, 

185r 1.57. 

„ 36, 41, 64, 65, 95, 185. 

„ 86, 39, 41, 64, 65, 69, 70, 71, 78, 84, 

95, 107, 108, 185. 

., 36, 89, 41, 64, 66, 69, 70, 71, 78, 82, 

84, 88, 89, 96, 107, 108, 118, 115, 
135, 150, 151, 166, 167. 
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Yagas, Z^j^-Iiritation of the enibrt^ 

Mechanical ... Nos. 89, 103. 

. Electrical . ... „ 85, 87, 38, 89, 40, 69, 80, 95, 108, 

118, 187, 144, 177, 188. 

Bj Bcdse bicarbonas... „ 85, 81. 

By sodse carbonas ... „ 86,89. 

Vagus, Irritation of the par^heral to* Sf 86, 95. 


Do. 

do. emiral 

••• » 

86, 95, . 

Do. 

Ligatnre of ... 

••• f} 

86. 64, 65, 69, 84, 95. 

Do. 

Division of ... 

• 

••• 

86, 89, 64, 65, 82, 84, 88, 89, 95, 
118, 150, 151, 156, 157. 

Do. 

Peripheral— Irritation of both vagi simnl- 



taneonsly ... 

••• V 

64, 65. 

Yomituig ' 

••• ••• 

• •• If 

104. 





Experiments conducted by Committee 
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* Sos. 29 to 185 were manometer ei 



Experiments conducted by Sub-Committee. 
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VX (\imy^Anm<d» iept under the influence of ether for one howr and chloroformed to death the next day. 
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V {3.)^Art\jicial respiration tried. 
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PART VII.-METHOD OF EXPERlMEaiTATION, 


Administratloii of Aneesthetics. 


For experiments on tlic general action of chloroform the animal was 
usually placed upon a table and held by several assistants. An inhaler, 
consisting of a conical bag of cloth containing a sponge or absorbent cotton- 
wool with the anajsthctic, was then placed over the animal’s mouth and 
nostrils, and kept there as long as necessary. While one observer watched for 
the loss of reflex from the cornea, the cessation of respiration, stoppage of the 
pulse, and arrest of the heart, another seated at an adjoining table with a 
watch before- him noted down the times at which each event occurred. The 
corneal reflex was ascertained by simply touching the cornea with the finger 
or a blunt instrument, such as the point of an aneurism needle. The cessation 
of breathing was ascertained by simple ocular inspection of the thorax 
and diaphragm, the presence or absence of the pulse by feeling the femoral 
artery with the finger, and the entire stoppage of the heart’s action by watch- 
ing the movements of a noodle pushed through the thoracic walls into the heart. 
The movements of this needle were rendered more evident by a straw bearing 
a small paper flag being fixed to the end which projected outside the thorax. 
Animals anajsthetised by this method struggled while they were hold until the 
anaesthetic had had time to take eflbct. In order to avoid struggling another 
method was adopted. This consisted in simply lifting the animal into a wooden 
box 3 ft. 10 in. long by 1 ft. 5 in. broad, and 1 ft. 7 n. deep, and putting on 
the lid in which was an opening. Through this opening was passed a large 
piece of blotting-paper on which half an ounce or more of chloroform had boon 
poured. A piece of wood or glass was then placed over the opening in the lid, 
and in a short time the anesthetic took eflbct. To prevent too lai’ge admixture 
of air a strip of spongiopiline was nailed round the edges of the box and cover- 
ed with vaselinp, so tfiat the lid shut down air-tight. Even when a piece of 
wood was used to close the aperture in the lid at first it was usually replaced 
by glass, when the chloroform began to take effect, as the movements of the 
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animal cpiild lihus be watched. When it fell down ineensible it was taken ont 
at 'Once,, and if prolonged anaesthesia was required, as for blood-pres§ure experi- 
ments, an additional quantity of the anaesthetic was administered on a cap. 

Administration of Definite Proportions of Chloroform Vapour. 

In order to make animals respire air charged with definite propoi^ions 
of chloroform vapour, the following methods were used ; — 

(а) A certain quantity, e.g., J oz., 1 oz., or 2 oz, of chloroform was 
poured on blotting paper in the box already described, and when it was seen 
through the glass in the lid that evaporation was complete, the lid was lifted, 
the animal introduced, and the lid quickly replaced. The box contained almost 
exactly eight cubic feet of air, so that the proportion of chloroform vapour in it 
was easily reckoned. As the whole of the chloroform was evai^orali'd before 
the animal was introduced, the alteration which its bulk produced in the air- 
content of the box did not affoct the proportion of vapour. 

(б) But in the process of opening the box and introducing the animal 
there was almost inevitably some disturbance of the ah’ chai’ged* with chloro- 
form which the box contained. In order to avoid this, a box of tin-plate, the 
same size as the last, was taken, and a round opening 5 in. in diameter was 
made in one end near tho bottom. Round this a collar of tin plate ^ in. in 
depth was soldered, and on the top of tlio box was another opening 8 in. long 
by 5^ in. broad covered by a tin lid. The chloroform was introduced by the 
opening on the top, and allowed to evaporate as before, and the animal’s head 
was then introduced through tho opening at the end, and made as nearly as 
possible air-tight by a piece of Mackintosh fastened to the tin collar surround- 
ing the opening, and tied round the animal’s neck. 

(c) When it was thought desirable to make the animal inspire a definite 

proportion of chloroform vapour through a tracheal canula, the same apparatus 
as above described was used, bift in one end of the box tyro tin tubes were 
fixed each | in. in diameter. These were connected by India-rubber tubing of 
a similar bore to the arms of a tin Y tube. The log of this tube was connected 
with India-rubber tubing to a glass canula tightly tied into the trachea. By 
means of India-rubber valves the current of air was made to circulate always 
in one direction. • 

(d) When it was desired to insufflate the animal’s lungs with air con- 
taining a definite proportion of chloroform vapour, the apparatus just described 
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was employed with Ihe addition of a bellows, which drew the air fronj the box. 
In the valve-hole of the bellows a £ in. tube was fixed by means bf a large cotk 
bung. This tube was connected by a J In. India-rubber tubing witKone of the 
tubes in the end of the box already described, and by the Y tube 'with the 
tracheal canula, A valve over the nozzle of the bellows and another on one 
arm of the Y tube regulated the direction of the current of air. These valves 
consisted simply of a piece of dentists’ sheet rubber tied loosely over the end 
of the nozzle or tube and then cut across. When the air passed in one direc- 
tion, e.g.^ftora. the bellows, it blew open the edges of the cut rubber, but when 
it tried to pass in the opposite direction the edges of the rubber fell together 
and presented a considerable obstacle. 

Administration of Definite Quantities of Chloroform. 

For the purpose of giving a definite quantity of chloroform with un- 
limited quantity of air another apparatus was used. It consisted of a wide- 
necked jar 7 in. deep by in. internal diameter. The top was closed by a 
tightly-fitting bung, in which there were three apertures. In two of these were 
fixed I in. glass tubes, and the third was closed by a small stopper, which could 
be withdrawn at will for the purpose of introducing chloroform into the bottle. 
To one of these tubes a valve was attached which only allowed tlie air to enter 
the bottle, but prevented its exit. The other tube was connected by wide rubber 
tubing with a tin inhaler. This inhaler was in the form of a truncated cone, 
and had two | in. tubes opening into it. One of these was at the apical 
end, and the other at the side of the inhaler. The apical tube was con- 
nected with the bottle just described. The side tube was closed by a 
simple valve consisting of a perforated cork, over which a strip of thin sheet 
rubber was looselj^ fastened. At each expiration the rubber allowed the air 
to escape ’freely, but at each inspiration it closed completely. The muzzle of 
the animal was inserted in the inhaler, and a piece of Mackintosh was tied 
round the inhaler and the head of the animal by means of an elastic bandage, 
so that the inhaler was nearly air-tight. On inspiration the air passed through 
the glass cylinder, becoming partially charged with chloroform on its way, and 
during expiration it passed out through the side tube of the inhaler. 

For the purpose of keeping up artificial respiration an ordinary bellows 
was employed, but to the nozzle of it was fixed a valve which closed when the 
bellows was pressed, and thus directed the air into the lungs, but opened as 
the bellows expanded, and thus allowed the air to escape firom the lungs. 



184 


r 

This valve consisted of a T tin tube | in. in diameter. One end of its trans- 
verse limb was connected with the nozzle of the bellows, the other with the 
tracheal canula. The opening of the perpendicular limb was covered by a 
piece of tin plate mounted on a hinge in such a way that when the bellows 
waff pressed a cord tied to the upper handle of the bellows pulled it down and 
closed the opening, but during the expansion of the bellows it was raised and 
the opening uncovered by the elastic force of a piece of India-rubber. The cord 
and India-rubber were both attached to a short rod fixed at right angles to 
that which carried the cover. When it was desired to give chloroform vapour 
along with the insufflated air, a piece of blotting-paper soaked with chloroform 
was held over the valve-opeuing of the bellows, or the opening was dosed by 
a bung and wide rubber tube, and the blotting-paper* was placed inside the 
tube. In the first comparative experiments^ on the effects of chloroforfi^ and 
ether on the heart in monkeys, when given by insufflation, tha bcdlows and 
valve just described was employed. Instead of one limb of Ae tube being 
directly connected with the tracheal canula, howe'er #it tyas- connected to a 
small glass T tube. Each of the other Umbs «f this tub.e passed to a long- 
necked glass flask furnished with a tubulature though which the anaesthetic 
could be introduced. Tlie neck of the flask was, closed by a stopper through 
which two glass tubes passed, one reaching only a little way below the stop- 
per, but the other extending nearly to the bottom of ^le flask. One of these 
tubes was connected with the glass T tubp just menfioned, and the other with 
a glass canula tightly tied into tlie trachea. At ciifch blast of tlie bellows the 
air passed onward tlj^ough jjjiese glass fflasks to, the traojied of the animals, and 
rlturned through the’ flasks and out throiigl? the valve during the expansion of 
the belles. It*fe evidont^tljat Jjy .thiir arrangement, a certain 'admixture of 
ether and chl^oform vapohf wul occur hi the 'tubee*^ betwefen the. dnimals and 
-;t^yalvej|,Bo that a^er a few ‘blasts, both animals will receive mixed vapour, 
althdtgh that of qjiloroform will predominate in the one case and that of ether 
in tbe other. In order to avoid this admixture the bellows was used without 
the valve, and provision was made for allowing the air to escape fi:om the 
lungs by using a different form of tracheal canula. Instead of a plain glass 
tube a small glass T tube was used. The perpendicular limb was inserted 
into the trachea, and one end of the horizontal limb was connected with the 
bellows ; the other was partially closed by a piece of glass tubing, one 
end of which was drawn out and cut off so as to leave only a small orifipe. 
This was attached by a' short piece of India-rubber tubing to the limb of 
the T tracheal canula. The orifice was of such a size that while it presented 
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sufficient resistance to the passage of ail to allow the lungs to become com- 
pletely inflated when the bellows was pressed, yet during the expansion of the 
bellows it allowed the air to escape from -the lungs and thus prevented over- 
distension. 

When it was desired to give vapour by insufflation to one small animal, 
such as a monkey or rabbit, only the India-rubber ball of Junker’s appai’atus 
was used instead of the belloAVs. Junker’s apparatus consists of the India- 
rubber balls ordinarily used for spray jirodueers, but these arc attached to a 
bottle in which the amestlnjlie is put in such a way that, instead of producing 
spray, the air simply passes through Iheauiostliotie and becomes charged with 
the vapour. Ji. then passes to a month-pieec^ and is inhaled. The mouth-piece 
which we emjiloyed for dogs Avas made of stout leather in the form of a truncated 
cone. metal tube in. in diapiekT, opening into the inhaler at its apical 
end, conveypd the Ampour mto it. This tube fitted the opening’ in the inhaler, 
through which it passed, closely, but the junction Avas not air-tight. The inhaler 
at its other end* did net Jit the dog’s muzzle at all closely, so that there Avas a 
free circulation of air. . Wlieu Ave wisb(*d to prevent tliis and t o giA*e concentrated 
vapour, a piece of MaekintSsh was tied over the inhaler and muzzle so us to 
close up the space between them. . 


Blood-pressure Experiments. 

In all those experiments the i^rossuro Avithin the arteries Avas registered 
by one of hud wig’s kymo^’aphs consisting of a mercurial manometer and a 
revolving cylinder oh w’hich tfic oscillations of the mercury were recorded. 
The pa])er on the cylinder*was timdked by means of burning camphor. The 
float on tlie m’ercury of the niaiiometgr-<?ensisted of a cylindrioal jjiece of ivory 
tapering below apd bearing ’above a steel wu’^, hcsif tiie.tojj ul’A^hich ^ Avriting 
point of glass was fixed by a bit of cork. 'T^iis'pohit was kept in fcontact \vith,’ 
tho smoked paper by a silk thi’ead loatled with a shot., T(j the top of the manS- 
niotor was fastened a second writing point , made of glass' or of gopper foil. 
When the mercury was at zero this point was at tlie same level as the jJoiut on 
the float, and as the cylinder revolved it traced the zero line round it and thus 
afforded a means of estimating the height of tho blood-pressiu’o at any moment. 
The cylinder revolved once in nearly thirty minutes. Near the top of the 
cylinder was placed a magnetic time-marker worked by a DulJois Reymond’s 
key. 

An observer sat constantly beside the cylinder with a watch in front of 
him, and recorded on the cylinder by means of the time-marker, as well as the 
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instant when anything worthy of note occurred, the time, minute by minute. 
When the revolution of the cylinder or drum was complete it was removed, and 
a second drum, which was kept ready smoked, was substituted. The tracing on 
the first drum was at once cut off and varnished, and another paper put on and 
smoked, so as to bo in readiness when required. 

The movement of the cylinder in these experiments is much slower than 
that usually employed, but it has the double advantage ‘Pf allowing the whole 
record of the experiment to be reproduced and of rendering distinct even 
small variations of pressure which are apt to escape observation in the long 
tracing taken on a rapidly revolving drum. But the tracing taken on such a 
slow drum as we employed has the disadvantage of being so compressed 
that the individual pjpse-beats are invisible. 

To obviate this defect a method of double registration was adopted, which 
had been devised by one of ua for a previous research. In the connection be- 
tween Ludwig’s kymograph and the artery a Y tube .was inserted, by means of 
which a second kymograph, the cylinder of which revolved once in 3m. 98., or 
about ten times as rapidly as the first could also be brought into communication 
witli the artery. Both were provided with stop-cocks, so that they might cither 
be allowed to work simultaneously, or the communication of either or both 
with the artery cut off at -will. Tf a mercurial manometer had been used in 
the second kymograph it would have given the number of pulse-beats, but the 
oscillation of the mercury itself would have modified their size and form. One 
of Fick’s spring manometers was therefore used, and in order to prevent the 
oscillations of th-e mercury in the other manometer affecting Fick’s the stop- 
cock connecting the former with the artery was almost always turned off 
when the latter was turned on. This j>lan had the furth(!i’ advantage that the 
straight lin(! traced by the Hoat of Ludwig’s kymograph attracts the eye so that 
a glance at the tracing at once shows when a tracing has been taken by Fick’s 
manometer, and by attaching corresponding numbers to those blanks in the trac- 
ing from Ludwig’s kymograph and the tracings by Fick^s kymograph, the 
relation of the tracings to each other can be at once ascertained. The clock-work 
of Fick’s kymograph was usually started at the moment when the stop-cock 
connecting it with the artery was opened, A short time is required for the clock- 
work to attain its full sj)eed, and therefore at the beginning of a tracing the oscilla- 
tions may be closer together, and the pulse may appear to be qxiicker at the begin- 
ning than the end of a reading of Fick’s kymograph, although the pulse rate 
might be really the 'same throughout. The cylinder was usually, though not 
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always, allowed to revolve a little space* after the connection of the Doanometer 
with the artery had been cut off in order that the readings might bo more dis- 
tinctly separated from one another. The mercurial manometer was connected 
with the artery partly by metal and partly by India-rubber tubing. The Fick’s 
manometer was connected entii-ely by India-rubber tubing in the experiments 
up to November 5th, but after that the connection was made partly by India- 
rubber and partly by metal, exactly as in the Ludwig’s. The whole of the ' 
connecting tubes, except those between the Y tube and the manometers where 
water was used, were filled with a solution of sodium bicarbonate in order to 
prevent coagulation occurring in them. 

Tliis solution was made by saturating boiling water with sodium bi- 
carbonate and tlien boiling it for some minutes, so as partly to convert it into 
carbonate. It was then allowed to cool, and was poured into a largo glass 
vessel furnished with a tubulature near the bottom’, and suspended on the wall 
of the room at a height of 7 ft. from the floor and ft. abov(^ the level of the 
table. From the Lulmlature of this vessel the solution was conveyeil by 
India-rubber tubing to a glass T-piecc inserted in the connisction between the 
manometers and the artery. P>y moans of clamps the soda solution could be 
passed at will through the tubes loading to the artt'ry. llofore beginning an- 
experiment the pressure within 4ih(^ manometer was raised by means of tho 
soda solution to a height a 2 )proxiraating to the estimated blood-pressure 
in the animal so as to prevent the blood from ])assing too far up the tubes 
and forming clots. This was also done whenever the artery and mano- 
meter had to be disconnected on account of clots having formed. In 
order further to lesson the tendency to form clots an elongated glass bulb 
was introdxrced into tho tubing, and was connected by a short jxicce of 
India-rubber tube with the glass eanula in tho artery. The oanulas used 
for insertion into tho artery were blown with a short neck to hold the 
ligature and prevent the eanula from slipping out ol‘ the artery. They 
were of various si 2 ios so as to fit tho artery of the animal experimented on. 
In all the experiments, with one exception, the animal was first rendered 
insensible by being placed in a box with chloroform, as otljer given in this way 
would have been useless. As soon as it became insensible it was taken down 
and the legs fastened with cords to a simple piece of board 4 ft. 6 in. long by 
2 ft. 2 in. broad. To one end of this one of Bernai‘d’s dog-holders was attached 
and in this the animal’s head was put so as to hold it still. Chloroform or 
ether was ^ then administered on a nose-cap as required to keep the animal 
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ansBsthetjeed and one carotid exposed, the left being selected in every case as 
it was nearest to the manometer. Occasionally one or both vagi were also 
exposed and a loop of thread placed under them, but not tightened round them. 

The artery was firmly ligatm’od on its distal side, and the proximal side 
was compressed by spring forceps covered with India-rubber tubing to prevent 
their injuring the coats of the artery. The artery was then opened, the canula 
inserted, and firmly tied in. The canula was then filled with soda solution by 
moans of a pipette, and connected with the glass bulb already mentioned, cai'e 
being taken that no air bubbles woro present. The spring forceps wore then 
removed from the artery, the stop-cock of the manometer turned so as to open 
the connection with the artery, and the tracing commenced. All this time the 
animal was kept unconscious by the administration of an ansesthotic from time 
to time as required. 

Registration of the Movements of the Bearu 

These wore sometimes registered by inserting a needle into the heart, 
and connecting a thread to the end which projeclod outside the thorax when 
this was unopened, or outside tho cardiac walls when the thorax was opened 
and the heart exposed. This thread was in the first instance tied to tho lever 
of a Marey’s tambour (A), and tho movement transmitted by it to a second 
one {B), which recorded it. The resistance of the two tambours, however, was 
too great, and the tracings obtained were unsatisfactory, lietter results were 
obtained by connecting the noodle in tho heart with a time-marker by means 
of two very light wooden pulleys. The lever of the time-markers being kept 
up by a very fine spring, a very slight pull sufficed to depress it, and thus it 
marked even when the cardiac action was weak, and had the further advantage 
of opposing very little resistance to the action of the heart. 

R«gistratlbn of tbe Respiration. 

For this purpose the two Marey’s tambours A and B were used. A was 
usually connected to a needle pushed through tho chest walls into the 
diaphragm. On one or two occasions an incision was made just under the 
margin of the ribs, and a piece of thick copper-wire flattened at one end, was 
introduced, so that the flat pieces lay between the diaphragm and liver. The 
other end projected outside, and the thread from Marey ’s tambour was fastened 
to it. In some of the later experiments a fish-hook was used instead of a 
needle. 
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PART VIII.-THB CONTROVERSY ON ANiESTHETIOS 
AND THE HYDERABAD COMMISSION. 


In this part of the report it is deemed advisable to reproduce, prefaced 
by Syme’s lecture, every thing of importance bearing on ana;sLhetios and tho 
Hyderabad Commission, which has been published l)etween the time when tho 
cdnclusions of the Commission were put forward in The Lancet, and tho present 
publication of their tracings and experiments. The Commission has always 
courted criticism, and has frankly recognized that the chloroform question can 
only be settled by full and free discussion ; and the soundness of this conviction 
is illustrated by tho primary disagreement between the Ilydci’abad Commission 
and tho Glasgow Committee. Tho Glasgow Committee inferred from their 
research that the chief dangers of chloroform are reduction of blood-pressure 
and sudden stoppage of ihe heart. Thch animals, however, did not die, and 
the gi’ound for this inference, wliich was drawn from a variety of falls of tho 
blood-pressure in their experiments, is the universal belief that a general fall 
of blood-2)ressiire is in itself a source of danger. The Hyderabad Commission 
has proved that stoppage of the heart under chloroform may be a safeguard 
against, poisoning or overdosing ; and this discovery is hrcconcilable with 
tho finding of tho Glasgow Committee, Hut prolonged consideration and 
ventilation of tho matter have made it clear that a general fall of the blood- 
pressure is not necessarily a sign of weakening of the heart ; and it is thcro- 
foro at once evident that the Glasgow and Hyderabad experiments are in 
complete accord. Both demonstrate that sudden and gradual falls of blood- 
pressure may occur under chloroform without danger to tho organism ; and 
the fact that a general fall of the blood-iu'essure, whether gradual or sudden, 
is not in itself dangerous, forms in reality the physiological ibundation of 
the clinical truth that normal chloroform anresthesia is free from risk. Nothing 
but good can arise from the controversy ; and accordingly tho agi’comont now 
established, between the experimental data of tho Glasgow Committee and 
those of the Hyderabad Commission, has only to be extended to their con- 
clusions to bo the means of settling the chloroform question and saving 
thousands of lives. 



190 


LBOTUBB ON CLINICAL SURGERY DELIVERED DURING 
THE WINTER SESSION OF 1864-55 BY JAMES 
SYME, Esq., PROFESSOR OF CLINICAL 
SURGERY IN THE UNIVERSITY 
OF EDINBURGH. 


From “ The Lancet" dated 20ik January 1885. 
CHLOROFORM. 

I HAVE now to speak of some cases in wliieh chloroform will be given as 
usual, in consequence of the pain otherwise attendant on the operations to bo 
performed ; but before the patients are brought in T may take this opportunity 
of saying a few words regarding the use of chloroform, as you see that fatal 
cases, I am sorry to say, still occur, and that the medical journals, conse- 
quently, express doubts as to the use of chloroform at all, or say that, if used, 
it must be only with the greatest caution. Chloroform is no doubt a very 
powerful agent, sufticient to destroy the strongest individual if employed freely 
enough. Its fatal effects wore shown at an early period in the following way : 
a loctimer in London was illustrating its action upon a guineapig, which was 
placed undoi’ a glass jar along with some of the anaisthotie : the professor, in 
the eagerness of his discourse, loft the animal too long under the jar, and it 
died. He explained to his audience the cause of the accident, but, though the 
reasons he gave were satisfactory, yet an impresssion was made upon the public 
which was not soon effaced. In this respect, however, there is nothing peculiar 
to chloroform as a medicinal agent ; opium, prusaic acid, .strychnia, &c., not 
only may, but often do, destroy life, tlirough being used in over-doses. But the 
question is, may it be used judiciously so as to do the good without exposing 
the patient to the risk of the evil ? It is said in London that it cannot ; that 
the risk is so great that it is only justifiable to uso it in case of operations 
accompanied with an extreme degree of pain, or where stillness on the part of 
the patient is essential to success, and that the greatest caution is requored in 
its administration ; here we say that, if used with moderate care, it is perfectly 
safe. It was in this theatre that chloroform was first administered in public, by 
Dr. Simpson, seven years ago ; since then it has been almost daily given here, 
yet we have not had a fatal case. It is true one solitary instance of death fi:om 
•chloroform has occurred in another part of the hospital, but that case has 
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nothing to do with ns ; bo far as my department is concerned, it might as well 
have been at Guy’s Hospital or in Kamschatka, or anywhere else ; indeed, it so 
happened that at the very time when that unfortunate event was taking place 
in another part of the establishment, I was myself performing an operation on 
a patient under chloroform in this theatre. 

In inquiring into the reason of this difference between the experience of 
chloroform in London and here, we have not far to search for the explanation ; 
it must lie in one of three things, difference in the chloroform, difference in 
the patients, or difference in tho mode of a<lministration : witli regard to tho 
chloroform, I believe, that most of that which is used in London is made in 
Edinburgh, and I know that/ some of the fatal cases might bo shown to have 
occurred with Edinburgh chloroform. 

With respect f.o tho patients, it appears tJiat great care is taken in London 
to use chloroform only in persons fi’ee from clicst affections, especially cardiac 
derangements : hero wo n(jver ask any questions as to the state of the heart or 
constitution of the patients. In all cases where chloroform is required for an 
operation, it is freely given. Now, considering the fretjnency of cardiac disease, 
and particularly of fatty heart, — which, in fact, is T believe rarely absent, at 
any rate in elderly persons, — and considering also the immense number of 
patients operated on, you cannot doubt that many hundreds with fatty degene- 
ration of the heart have had chloroform administered to them here ; wo even 
give chloroform without scruple, where we know disease of the heart exists. 
Within tho last week, a case in point occurred in my pi’actice. A patient, with 
great dread of pain, and also with a horror of chloroform, had long endured 
severe pain from his disease, till existence bad become a burden, because ho 
could not venture to^ undergo tho necessary operation without chloroform, while 
his medical adviser considered that to take it would be for him almost certain 
death, on account of organic disease known to exist in the hearty for which ho 
had consulted, and w'hich it may be remai’ked had been recognized by Dr 
Addison of Guy’s Hosjjital. At length his medical attendant said to him, that 
he had suffered so much from his complaint, that even if ho died under chlo- 
roform* this would be better than remaining as he was ; while, if it should so 
happen that he should reeovor, he would be able to enjoy the rest of his life 
free from the disease. The patient could not resist tho force of this argument, 
and came to Edinburgh prepared for either alternative. I performed the opera- 
tion under chloroform ; and the first thing that he did on waking was to ask 
■ for a cigar. 



192 


As another example, I may mention the case of an old gentleman, aged 
seventy-four, affected with disease of the heart, from whoso bladder I removed 
a large stone, some years ago. Chloreform was administered as ho lay in bed ; 
and he was put so fully under its influence, that he was taken from the bed, 
was operated on, and put back to bed, before he woke from his sleep. He 
recovered perfectly ; but some time afterwards died and Dr. Begbie, on examin- 
ing the body, found the disease of the heart, which had been diagnosed during 
life. We cannot therefore attribute the absence of deaths here to our being 
more discriminating than others in the patients to whom we administer chloro- 
form ; the very reverse, in fact, being the case. 

I think tlicn, gentlemen, that we are necessarily led to the conclusion 
that the "difference of results depends on difference in th(t mode of administra- 
tion. We know that in other cases differences in the method of proc(.-ilure had 
led to differences of results, e.^., it was said in Lojulon that amputation at the 
ankle invariably caused sloughing ; but it turned out that the surgeon who 
made this statement performed the operation in a manner that deviated much 
from the principles on which it is here performed successfully, and which led 
inevitably to sloughing. So of dividing stricture by external incision, it was 
said that the extravasation . of urine must necessarily take place in a dangerous 
manner, and that other serious complications may occur ; but it turned out 
that the incision had been made without guide on a silver catheter ; in short, 
with such deviations fi’om principles as fully to account ibr the results. 

So far as I can ascertain, from what I have heard and read upon the sub- 
ject, there are important differences between the mode of administration of 
chloroform here and in London. It appears that here it is given according to 
principle, there according to rule. There great attention is paid to the number 
of drachms or minims employed ; here we are entirely regardless of the amount 
used, and are* guided only by the symptoms of the patient. The points that we 
consider of the greatest importance in the administration of chloroform are, first, 
a free admixture of air with the vapour of the chloroform, to ensure which a 
soft porous material, such as a folded towel or handkerchief, is employed, pre- 
senting a pretty large sm’face, instead of a small piece of lint or any other 
apparatus held to the nose ; secondly, if this is attended to the more rapidly 
the chloroform is given, the bettor, till the effect is produced ; and hence, we 
do not stint the quantity of chloroform. Then — ^and this is a most important 
point — we are guided as to the effect, not by the circulation but entirely by 
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the respiration ; you never see anybody here with his finger on the pulse while 
chloroform is given. So soon as the breathing becomes stertorous, we cease 
the administration ; from what I have learned it is sometimes pushed further 
elsewhere, but this we consider in the highest degree dangerous. Attention to 
the tongue is another point which we find of great consequence. When respira- 
tion becomes difficult, or ceases, we open the month, seize tlio tip of the tongue 
with artery-forceps, and pull it well forward ; and there can be little doubt that 
death would have occuiTed in some cases if it had not boon for the use of this 
expedient. We also always give the chloroform in tlie horizontal position, and 
take care that there is no Jirtielc of clothing constricting the neck. There are 
thus considerable differences between our practice and that which prevails more 
or less elsewhere. Wo use no apparatus whatever, take the respiration for our 
guide, attend to the condition of tlie tongue, and never continue beyond the 
point when tlie patient is fully under the influonco of the anmsthctic. 

You observe that in this matter 1 am very far from taking any credit to 
myself ; all that I have done has been to follow tho example of Dr. Simpson, 
and all that I would say respecting our brethren in London, is, that they have 
not been so fortunate as to get into tho right way in tho first instance, and 
I would urge upon them to banish all previous notions, and to keep in view the 
essential points to which I have alluded ; then, if unfortunately there should 
still bo fatal cases, I shall not presume to speak farther upon the subject. As 
the matter at present stands, the discussions prevalent in the profession tend to 
give the public a dread of chloroform, and to limit tho advantages which it 
confers ; and so long as tho difference of opinion seemed due to important 
difference of practice, I felt called upon to address to you the observations I 
b;ive made. 


36 
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THE CHLOROFORM COMMISSION IN 'INDIA. 


[Re 2 '>rmt of an article from the Pioneer of Noremher 6th, 1889.] 

The arrival of Dr. Lauder Brunton and Surgeon-Major Bomford in Hyderabad, to re- 
peat and extend the chloroform experiments which were carried out Iasi year in the Nizam’s 
capital, is of interest not only to the medical prof(\ssioD, but to the public generally : and some 
account of the scope of their investigations and their bearing on the practice of surgery may 
not be out of place. Chloroform was introduced to the medical profession by the late Sir J. Y. 
Simpson of Edinburgh, who first employed it in midwihjry in the year 1847. It was very 
soon afterwards used in surgery in Edinburgh by the late Mr. Syme, and its position as an 
ansDsthetic quickly became established. It was some little time before Symo could lay down 
precisely the principles on which the safe administration of chloroform depends, and meanwhile 
deaths occurred elsewhere, discussion arose in the profession as to their caus(', anrl the public 
became alanned and acquired a dread of chloroform which thonceforili limited its advantages. 

In the year 1855 Mr. Syme published a lecture in the Lancet in which he showed that 
there Vas an important difference in practice in the administration of chloroform in Edinburgh 
and in London. In Edinburgh, surgeons were guided as to the effect of chloroform entirely 
by the respiration ; in London, partly by the respiration and partly b^^’^the circulation, so that 
it was, and still is, the rule in London to watch the pulse carefully throughout the adminis- 
tration. The teaching by the two schools amounted to this ; in Edinburgh it is held that 
chloroform never affects the lu'art directly, and that signs are always given by the respiration 
whereby danger can invariably be averted ; in London it was taught that one, if not the greatest, 
danger of chloroform lies in the fact that it sometimes affects the heart directly, and that its 
administration is never free from risk, Symo’s lecture was couched in polemic terms and 
increased the divergence of opinion between the Edinburgh and the London surgeons, and from 
timoto time deaths from chloroform continued to occur. In 1864 a Cemmission was appointid 
by the Royal Medical and Chirurgical Society to enquire into the action of chloroform with 
special reference to its effect upon the heart. This Commission performed few reliable 
experiments, but nevertheless arrived at the conclui^ion that chloroform does directly affect the 
heart. In 1870 Syme and Simpson died, still adhering to their original opinion and never 
having had a fatal accident with chloroform. Between 1870 and 1880 Syme’s principles were 
gradually lost sight of, and the opinion that chloroform affects the heart gained ground, and 
was fortified by another Commission which was appointed in Glasgo\^ in 1879, and, like the 
previous one, did not hesitate to condemn chloroform upon altogether insufficient da|a. As the 
belief in the safety of chloroform has decreased, two remarkable phenomena have come about : 
(1) deaths from chloroform have increased in exact proportion to the amount of attention 
bestowed upon the heart and circulation ; and (2) an effort has been made to substitute there 
or some other anaesthetic for chloroform. 
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So far no onjnsthetic has been discovered which can be favourably compared in any way 
witli chloroform administered on Symc’s principles. Ether can be used only in certain 
climates and under certain conditions. Nitrous oxide is said to induce epile})sy and insanity, 
and none of the other so-called auaisthotics deserves any consideration at all, A further enl 
result of the morbid and unfounded dread of chloroform fostered by the English and Scotch 
Comnnssions has shown itself in many of the large medical schools and hospitals in Great 
Britain, where anaesthesia has been relegated to specialists, and students have ceased to enjoy 
the advantages of practical teaching in ansestliotics, so that they now begin practice almost 
ignorant of a subject in which tlajy ought to have become experts before thesy left college. 
Symo’s pupils, however, have not abandoned his precepts, and it is a notorious fact that they 
have had the same success with chloroform as he had. For examjde, in both the hospitals 
attached to the Hyderabad Medical School, chloroform is always given by students with 
absolute safety, and with no j^recautions whatever against failure of the heart except attention 
to the resiiiration. There can bo no doubt that immunity from dang()r with chlorofonn in 
Hyderabad is not due to any peculiarity of climate, or of the patients, or to the quality of the 
drug, but si’ujdy to the manner in which it is administered. 

In 1888 the Government of thcj Nizam of Hyderabad appointed a commission to enquire 
into the alleged dangers of chloroform; and the report drawn up by this body, based on numer- 
ous experiments, tended to prove that chloroform jlocs not affect the heart. The Minister of 
Hyderabad, Sir Asman Jah, thereupon offered the Lancet^ £1,000 to send a representative to 
India to repeat and extend the experiments of the first Hyderabad CJommissiou. This offer was 
accepted, and Dr, Lauder Brunton, F.R.S., has arrived in Hyderabad, and with Surgeon-Major 
Bomford, ]\f.D., London, of the Indian Medical Service, has constituted a second Commission, 
which it is hoped wdll settle finally whether chloroform can be given so as to do good without 
the risk of evil. Nothing can show better the beneficent nature of the solid and friendly tie 
which binds together the British and the Nizam’s Governments than the remarkable and 
cosmopolitan interest which H. H. the Nizam and his officials, one and all, have taken in 
bringing the question of the safety of chloroform to the proof. It redounds to the honour oi 
the Government of India, no less than to that of the administration of the Prime Minister, 
Sir Asman Jah, that the leading Indian State should take a j)rincipal share in the settlement of 
a question which concerns the welfare and the happiness of the whole mankind. 


LEADING ARTICLE. 

“ The Lancety^ January 18^/^, 1890. 

• The second Hyderabad Chlorofonn Commission, whoso report appears on another page 
of “ Tliie Lancet ” of to-d[|ay’s issue, has excited a great deal of interest, both on account of the 
importance of the subject of investigation and the circumstances under which the work has 
been undertaken. The Commission owed its existence to Surgeon-Major Lawrie’s veneration 
for his late tedoher, Professor Syme, and his desire to prove the correctness of Syme^s teaching 
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that chloroform might be with perfect safety administered, provided the administrator watched 
the respiration with sufficient care. Surgeon-Major Lawrie’s own experience of many 
thousand cases confirmed, in his opinion, the truth of this doctrine, but it had been impugned 
on account of the results of physiological experiments, and he was therefore desirous of proving 
its truth by laboratory exiieriments as well as by clinical experience. Accordingly, at his 
suggestion, the Nizam’s Government appointed a Commission consisting of Dr. Heljir and 
Messrs. Kelly and Ohamarotte. These gentlemen, from a series of experiments, arrived at 
the conclusion that chloroform always arrests the respiration before the heart. A copy of their 
report and of some remarks upon it by Dr. Lawrie were forwarded to “ Tlw Lametj^ but the 
facts brought forward seemed to us insufficient to ovorthi'ow the conclusions of many observers 
both in this country and abroad whose researches seemed to prove that one of the dangers from 
chloroform was paralysis of the heart. Our hesitation to accei>t the conclusions of the first 
Hyderabad Commission led Dr. Lawrie to propose a second one, to which “ Tlw Lancet ” should 
send a representative, and for this purpose the Nizam’s Government most generously ofiiercd 
to contribute the sum of £1,000. AVe accordingly selected Dr. Lauder Brimton, F.ll.S., 
and on his arrival at Hyderabad on October 22nd, a second Commission was at : ace formed, 
consisting of Surgeon-Major Lawrie as President and of Drs, Laud(‘r Brimton, Bomford, 
and Rustomji as members. The members of the first Commission were also associated in 
the work and rendend most valuable assistance. The experiments were of two kinds ; those 
of one group being made without recording apparatus, and being intended to ascertain what 
influence is exerted by various conditions upon the relation between the stoppage of heart and 
of respiration, and the limits wdthin which artificial respiration and other means of resuscitation 
are useful. The second group consisted of experiments with recording apparatus, and were 
made for the purpose of ascertaining the effect of various conditions upon the heart and blood- 
pressure. In the first group chloroform was given in all sorts of ways, alone or with morphine, 
atropine, and strychnine, to animals healthy and diseased, fasting or replete. The result was 
invariable : in every case the respiration stopped before the heart, sometimes a long time before 
it. But the effect of partial asphyxia in causing the heart to stop very soon after the respira- 
tion is deserving of particular notice. 

The second group of experiments on heart and blood-pressure was made with apparatus 
arranged in such a way that the whole experiment could be recorded from beginning to end in 
such a compass as to admit of photographic reproduction in its entirety. This was managed 
by recording the general blood-pressure on a slowly revolving drum, and taking at intervals 
a tracing on a second drum, revolving with sufficient rapidity to show each beat of the pulse. 
About one hundred and fifty experiments were made in tliis way, and the influence of every- 
thing that seemed likely to affect the blood-pressure during chloroform narcosis was dscertain- 
ed. Particular attention was directed to the production of shock or syncope, and to the effect 
of chloroform itself on the heart and blood-pressure in healthy animals, and also in cases tvhere 
fatty degeneration of the heart and other organs had been produced by the previous adminis- 
tration of phosphorus. The results of these experiments were unexpected. It was found to be 
exceedingly difficult to affect the heart reflexly, and recourse was t^refore had to direct stimu- 
lation of the vagus, by which the heart could be slowed or stopped completely. Instead of this 
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causing the death of the animal, however, it appeared rather to be a safi^guard, preventing the 
anaesthetic from being conveyed in too groat (piantities to the nerve centres. 

In our note to one of Dr. Brunton’s tologranis we remarked on the cliango which lus 
views had undergone. From die roj)ort we now publisli it will be .seen that the discrepancy 
between the views of different schools arises from the tact that sufficient consideration lias not 
been given to the conditions und(*r which the chloroform is given. Although it may paralyse 
the heart if applied directly to it, yet this condition docs not occur in practice, for here it is 
neither applied to that organ nor yet is it blown forcibly into the lungs. It is inhaled 
by the patient, and when this is the case it stops the r(.‘spiration before the heart. The i)ractical 
outcome of the research w ould aj)pear to be that deaths from chloroform are not inevitable. 
They are therefore jircventablc, and by due care in its administration they may be with 
certainty avoided. The conclusions of the Commission are sweeping, and w'ithout abundant 
evidence cannoi. be accept(*d. The most iinjiortant tracings on which they are founded will be 
published in “ The Lancet,^' but it wouLl be iinjiossible to give them all, amounting as they do 
to about six hundred. Fortunately the geniu'osity of the Nizam's Govtnminent has not been 
limited to tlie aiipoiiilmcut and payment of the Ooiiuiiishioii, but by well-timed liberality it has 
secured the pennauent utility of the work done by it, for it bus had every tracing jthotographi- 
cally reproduced, and will present a co})y of the comphde work to all the ])rineii>al medical 
libraries throughout the world. For this generous liberality the thanks of all maukind are due 
to the Nizam uud to his able and eulightened Minister, Sir Asman Jah, as well as to the 
other members of Ids Governmout who have by their co-operutiou aided and facilitated the 
work. 


THE HYDERABAD CHLOROFORM COMMISSION. 

LETTER FROM Subgeok-Major A. DEANE. 

To THK Editoks (*b’ “ Tuk Lancet.” 

Slits, — Having followed the jirocccdings of the Ilyd(U’abad Chloroform Commission wdth 
much interest from the beginning, I trust you wdll allow^ me spac(^ to drjiw attention to what, if 
its dicta be accepted in their entirety, must bo an important outcome of its conclusions. 

The final conclusion of the Commission is that chloroform may he administered in any case* 
with ease and absolute safety (the italics are mine) if its directions for administration be adhered 
to. With this conclusion I entirely disagree, as I know from my own personal experience that 
people do exist who cannot tolerate chloroform as an ansesthetic, no matter how it is adminis- 
tered, and yet, unfortunately, we cannot detect anything abnormal about them until it is being 
given when either death or a condition very analogous to it ensues. I will relate the history of 
two such cases later on. Now, suppose a death were to occur from cliloroform after the pro- 

[ * The conclusion of the OommiBsion is that chloroform may be adminiBtore(.l in any case whioU is fit for an 
oj^eration.x 
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mulgatioD. of this report, what would be the r&ult to the administrator ? Would a coroner’s 
jury find death from misadventure or would the verdict be one of manslaughter ? I know that 
I should be very sorry to administer chloroform if ‘I knew I was liable to be found guilty of 
manslaughter should the patient die under it, and I fancy that many other doctors would say the 
same. For the last fourteen years I have administered chloroform precisely as the Com- 
mission recommends, and although I never lost a patient under it, still I went so near 
doing so t^vice that my experience may be interesting. About twelve years ago, when civil 
surgeon of a very largo district in India, I had a great deal of surgery, and so great was the 
crush of people coming daily that at last it became ahnost impossible to get through the 
work. To enable me to cope with it I used to make my assistant surgeon give chloroform to 
one patient while I w^nt on examining others in order to pick out those cases that wore suit- 
able for operation. I worked in a verandah only a few yards from the door of the operating- 
room, and one day my assistant surgeon rushed out to tell mo that the patient on the table to 
whom ho was administering chloroform was dead. In a moment I reached the room, and at 
once commenced trying to resuscitate the patient, and I succeeded after about twenty minutes 
of the hardest work I ever had. My assistant surgeon assured me that he had given very 
little chloroform, wlum suddenly the man stopped breathing and at once passed into the alarm- 
ing condition in which I found him. lie (my assistant) was a veiy capable man, of great ex- 
perience in giving chloroform, so that I had no reason to doubt his word. Moreover, he had 
helped me to give chloroform hundreds of times, and knew how to give it just as well as I did. 
Some two years afterwards I was giving cliloroform to an old w^oman, and she had only taken 
u few whiffs, not enough to harm an infant of a week old, when suddenly, without the least 
previous w'arning, she ceased breathing and became to all appearances dead, and it took mo all 
I knew to get her round again. There was nothing whatever in her previous condition to 
lead one to suppose that she could not tolerate chloroform, and I know that no one could have 
given it more carefully than I did. I say, therefore, that one certainly cannot give chloroform 
vdth absolute safety in every case. 

I do not WTito this to find fault with the general findings of the Commission, On the 
contrary, I know from my own experience that they are absolutely true, and I rejoice that at 
last the truth is known about chloroform, and that it is to a man of my own service the credit 
is due for this crowning victory in its favour, I only say that I am not satisfied as to its absolute 
safety in every case, and I shall be glad to hear whether my experience of it can be borne out 
by others. 

« 

I am, Sirs, yours faiiMuUy, 

A. DEANE, 

Ckoydon, Jan, 20th, 1890. Surgeon-Major, Bengal Med. Service. 
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LETTER FROM Dr. E. F. NEVE. 

^ To THE Editors of “ The Lancet.” 

Sirs, — The results of the work of the Hyderabad Commissions, important as far as they 
go, can only be considered as final on one division of the subject. Where the nervous system 
is an important factor, the difference between the highly-organised corobro-spinal system of 
man as compared with animals is not likely to be overlooked. Sometimes the results of clinical 
experience may disagree with those of physiological experiment. In such cases practical 
men are apt to prefer the former. But even in clinical work sources of error exist. There 
are three such which ought to be kept in view: — (1) That those in many respects most 
qualified to judge in the question, ?vc., experts, ansesthetists by profession, are from their very 
position apt to have a distinct bias ; for of the essence of the controversy Is the contention 
on the one hand, that average ability, great care, and moderate experience are sufficient, 
for the safe administration of chloroform, without any special apparatus. Opposed to 
this is the reiterated belief, supported of course by the united body of professional anaesthetists, 
that both experts and apparatus are required, whether for chloroform or ether. (2) In favour 
of the use or chloroform as a routine aiinesthetic is the weight of cons(u*vatism, including the 
convenience of administration of the drug. (3) In cases of death und(»r administration, 
there is a natural tendency for even an upright and honest man to seek for causes of death 
outside the obvious possiliility of accidental asphyxia from over-dosage or failure in 
resuscitation. A question in which such conflicting iiilorests are involved can only be 
settled by facts. The Hyderabad Commission has contributed its quota. When chloroform 
was first introduced its use was attended for a long time by a wond(*rfuI freedom from misluips. 
Of late years deaths have increased, and jiari passu a certain degree of alarm has arisen ? But 
are the deaths the cause (>f the alarm or is the alarm the cause of some of the deaths. The 
latter view is by no means untenable. People may die of pure fright or of ordinary spicope. 
The state of anaesthesia may increase thci possibility of such an untoward occurrence, which 
may take place under even nitrous oxide.* If this be so, then a certain resi)onsibility rests on 
all who foster such an alarm by unguardedly condemning tho use of a popular aUcTsthetic. 
But, after all, the crucial question is — What is the mortality in the practice of successful 
operators ? Tliis is thtf test whicli we apply to all important surgical procedure. By it wo 
eliminate mafliy fallacies. 

Now, with regard to the practice of tho Kashmir Mission Hospital, I may state that 
there has never been a death under cliloroform. Since 1877, the number of surgical operations 
performed has been 13,275. In connection with these, at the lowest estimate, chloroform has 
been administered more than 5,000 times. Many surgeons in Great Britain must have had 
vastly greater 'experience. If it be possible to accumulate facts from such sources, wo shall 
soon be in a position to judge as to the intrinsic mortality of this, in one sense, the most 
important operation in surgery. 

I am. Sirs, your faithfully, 
ERNEST F. NEVE, m,d., f.r.o.s. Ed. 

Eashaub, December 18th, 1889. 


* 2^e Lancetj vol. IL, 1889; page 804. 
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ANNOTATION FROM THE LANCET^ January 26 th, 1890. 

In our annotation on the report of the first Hyderabad Chloroform Commission in our 
issue of March 2nd, 1889, we strongly deprecated anything like slipshod carelessness in the 
administration of chloroform, or anytliiiig likely to lead to such carelessness. Nothing, we are 
certain, could have been farther from the minds of either of the Commissions than to inculcate 
carelessness, and a careful perusal of the practical conclusions which we printed last week will 
show how necessary the Commissions consider care to be, and how stringently they inculcate 
it. Yet one of our eontemporaru‘S, in referring to the report of the Commission, says : 
“ Henceforward chloroform is as safe as a glass of whisky-and-water. That is the net result of 
the Hyderabad Chloroform Commission.” Tliis may be true of chloroform carefully adminis- 
tered, but the least carelessness or inattention may lead to the most serious results, as was 
well shown by the cases of accidental death from chloroform amongst the animals used by the 
Commission. Wo think the instance is worthy of particular note in which the chloroformist 
was present in body but absemt in mind, and allowcul his attention to wander from the respira- 
tion of the animal to the perlbrmance of the operation^ Instead of b(dng an immense relief to 
every practitioner who has to aihnini^^ter chlorotbrm, the conclusions of thu" Hyderabad 
Commission will have precisely the op])Osit(i etfect. For if a death occurs during the 
administration of chloroform at present, the administrator may satisly himself that such death 
was due to the effect of chloroform on the heart, and was unavoidable. But if the conclusions 
of the Hyderabad Commission are correct, this will no longer be possible, for their deliberate 
conclusion is that deaths from chloroform are preventable, and that their occurrence in the 
future will indicate carelessness in the chloroformist. It would bo monstrous to make such a 
conclusion retrospective, and to say that all deaths that have already occurred wore due to 
carelessness, because imperfect knowbjdgt'. leads to a similar result, and it is only when the 
exact dangers and mode of obviating them become known that tla^ responsibility of avoiding 
them arises. No one ihinks of blaming a commander when his ship strikes a sunken rock 
not marked on his chart, but when once the danger has been clearly indicated he is regarded as 
blameworthy if he does not avoid it. The work of the Cliloroform Commission has not altered 
the properties of chloroform in the least ; an ovcr-duS(i will kill as readily as over, but we trust 
their attempts to define more clearly the way in which it kills, and the mode in which death 
may bo avoided, will have the desired effect of preventing deaths in the future, just as 
marking the situation of a sunken rock will prevent further shipwrecks. — 27m? Lancet^ 
25th January 1890. 

LETTER FROM Mr. WOODHOUSE BRAINE. 

To thr Editors of “The Lancet,” 

Sirs, — It may appear almost ungenerous to criticise the conclusions at which the 
Hyderabad Commission has arrived, when all its members have thrown themselves heart and 
soul into the labour, and have spared no pains to get at the truth of the groat question as to 
whether chloroform ever produces a fatal result by cardiac failure before the respiratory func- 
tions arc affected ; but if I remain silent I shall probably be considered as acquiescing in those 
conclusions, and therefore I trouble you with this letter. 
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I greatly fear that, as a result of the Hyderabad Oommission, the opinion that death 
from chloroform is always prefaced by some change or sign of danger in the patient’s breathing 
will gain ground. But does the Commission prove this ? I think not. What it does prove 
is that in dogs and monkeys and some other animals, in Indio, respiration always gives warning 
of an overdose and ceases from one to ton minutes before the heart stops for ever. This is 
no no>y statement, for in Snow’s work on Anesthetics, published in 1857, wo find the following 
passage : “ Tlie greater number of experimenters who have killed animals with chloroform 

have found that the action c '' the heart continued after the breathing ceased, but they did not 
either control or ascertain the proportion which the vapours of chloroform boro to the inspired 
air. In Mr. Thomas Wakley’s experiments the action of the heart continued after the 
breathing had ceased ; and this was the case in a great number of experiments performed by 
a Commission which reported to the Society of Emulation of Paris in 1855.” Tliis Com- 
mission came to the conclusion that “ in all instances in which animals are killed by chloro- 
fornj the action of the heart survives the resi)iration ; but they might have administered chloro- 
form to an equal number of huma.n patients without any one of them being cut off by sudden 
paralysis of tlto heart.” Evidence, as we all know, is of two kinds — positive and negative ; 
and if three cases of death in the human subject arc brought forward which have happened in 
England or in climates resembling ours in which the heart has ceased beating and the patient 
has gone on breathing afterwards, then I affirm that these cases are of far more importance to 
us as practical anesthetists, and far outweigh the 430 experiments wliich were performed on 
dogs, monkeys, and other animals in the tropical heat of India.* 

The Commission states that it has searched the records of accidental deaths from chloro* 
form in Great Britain since 1855, and they find that there is not a single death from chloro- 
form recorded in which it was proved that the respiration alone was attended to tliroughout 
the inhalation. I also have carefully gone through these same cases, and the conclusion I 
arrive at is that all these cases were watched with the greatest care on account of the admin- 
istrator not knowing from which quarter danger might arise, and altliough it is not specially 
stated that the respiration was watched, I cannot for one instant doubt that it was well attended 
to. But to my mind this is a side .question altogether, for, from the details of cases quoted a 
little further on, there can be no doubt that the primary cause of death was cardiac failurO| 
cessation of respiration being secondary. One very important point to note is that in these 
cases death took place in one instance in 120 seconds, in another in about 60 seconds, and in 
a third at five minutes from the commencement of inhalation. Now notice how different these 
times are from those in the fatal cases of the Commission. Not one of the 197 animals died 
in as short lutime as the second case quoted ; while the heart of one dog went on struggling 
for over ten minutes after respiration had ceased, not counting the time of inhalation. There 
is no doubt that in the human subject, when the breatliing stops, artificial respiration is the best 
proper treatment, and these are the cases which cause the surgeon intense anxiety, but which 
do not, or very rarely, end fatally ; but when sudden and general pallor comes over the face 
together with sudden loss of pulse, then the patient is dead in ninety-five cases out of a hundred* 

It may be objected that in quoting these cases 1 am going a long period back ; but they 
are^typical cases, and they have gone on occurring in much the same way up to the present 

* [The temperature of the Laboratory in which the OommisBlon’s experlmente were carried out varied from 18® 
to 0.] 
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time, and Obey will continuo so to do as long as chloroform is administered. I hare the less 
hesitation in quoting these particular cases, for in each of them the aneesthetic was given 
without any inhaler, all forms of which the Oommission condemns. Beferring to the three fatal 
coses above mentioned from Snow’s work on Ausesthetios, I find 

Case 1.— Hannah G— — , aged* fifteen, of Winlaton, near Newcastle, operation to be 
performed being evulsion of a toe-nail, a similar operation having been performed' under 
ether a few months previously. On Jan. 28tli, 1848, clilorofoijn was administered upon a 
handkerchief, a drachm being poured on it, patient being seated in a chair. In half a minute 
Dr. Meggison, the administrator, finding no change in the breatliing or alteration of the pulse, 
tested her sensibility by pinching the cheek, and finding no reflex, told the surgeon he might 
commence. Patient moved when the incision was made, and more chloroform was about to be 
given, when the following events happened : lips suddenly became blanched, and she spluttered 
at the moiith, Cold water was dashed on the face, and the patient laid on the floor. Venesec- 
tion in the arm and in the jugular vein was performed, but no blood flowed. The entire pro- 
ceedings from the commencement of inhalation is said to have been two minutes. , Prom the 
lips becoming suddenly blanched in the above case there is every reason to conclude that the 
heart was suddenly paralysed. The patient breathed for a little after this, and was able to 
swallow, though with difficulty, (Dr. Snow’s remarks.) 

Case 2. — Patrick C— , age not stated. March, 1848, Disease, fistula. Had taken chloro- 
form once previously. Time of inhalation about one minute. Quantity consumed half a drachm. 
Lapse of time till death about oiie minute. Patient on his side, cliloroform was administered on 
a handkerchief or towel. Immediately the operation was commenced the patient became pulse- 
less, his pulse previously being full and natural. Here the period of inhalation was very short, 
one minute, and the evidence of paralysis of the heart distinct. 

Case 3,— J. V-^, aged seventeen. Hotel Dieu, Lyons, January, 1849. Amputa- 
tion of Jpnger, Chloroform was dropped upon gauze spread over the face, leaving a free pas- 
sage for air. At the end of five minutes patient still felt and spoke, at the end of six minutes 
ho became restless and still spoke. One drachm and a half of cliloroform had now been 
given ; pulse regular and good. He now struggled violently, and within a quarter of a minute 
the pulse at the wrist became imperceptible. The gauze was removed, no pulse anywhere to 
bo felt, and no cardiac sounds audible. Respiration continued, and ceased in half a minute. 
Means of resuscitation were employed, and respiration reappeared in two minutes' time, and 
ihen again gradually ceased. The pulse did not return. 

And now wo come to the practical conclusions which are generally the first read, and 
are usually the most interesting parts of the whole paper, no matter on what subject it is 
written. It is difficult to see how the Committee arrived at its first practical conclusion as to 
the position of the patient on the back being the best. This positiolx is not so comfortable to 
the patient as when lying on his side ; any of the ana 3 sthetic fluid accidentally spilt falls, on his 
face instead of on the pillow, and, in fat people especially, the diaphragm does not descend so 
^well o^nng to the weight of the fat on the abdomen pressing on it. Again, in this portion the 
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patient nsnally swallows all the saHya which is Secreted, often in large qnantity, and this pro- 
duces after vomiting ; whereas when the patient is on his side the saliva will ran ont of the 
corner of his month, and conseq^nently cannot irritate the mnoons membrane of the stomach. 
Also, when the patient is lying on his side, the tongue is not liable to fall back and thus 
impede respiration ; in natural sleep and in cases of apoplexy how constantly do we notice that 
a patient on his back snores heavily and breathes uneasily, but when turned on his side all 
noise nenses and he breathes quietly. The next conclusion I agree with, provided the patient 
is placed on his side for the reasons above stated. The principles of the next five paragraphs 
have been taught in the London schools for years. I can answer for Chariug-cross Hospital, 
where the pupils are systematically instructed in the theoretical and practical details of anass- 
thetics. In paragraph 33 of the report the Committee state tliat they performed a largo 
number of operations which are reputed to bo particularly dangerous from shock, such as 
extraction of teetli, evulsion of nails, section of muscles of tlio eye, &c. Those operations were 
performed in all stages of anaesthesia, and even when the animal was merely stupefied with 
chloroform ; in no case was there anything suggestive of syncope or failure of the heart’s 
action. And^yet in Conclusion VIII. we find, “ As a rule, no operation should be commenced 
until the patient is fully under the influence of the anaesthetic, so as to avoid all chance of 
death from surgical shock or fright.” Now, how are we to reconcile tliese to statements ? Is 
it not apparent that animals do not suffer from surgical shock and cardiac failure, and are in this 
respect different from human beings. I venture to state that there is no anaesthetist oven of mode- 
rate experience, who has not noticed cases of shock from insufficient anaesthesia, due to the surgeon 
co mme ncing the operation before asking the administrator whether the patient is ready. 

Conclusion IX. states : “ Tlio administrator should be guided as to the effect entirely 
by the respiration. His only object while producing anaesthesia, is to see that the respiration 
is not interfered with.” From the large experience I have had of administering anaesthetics 
in England during the last thirty years, I feel absolutely certain that if this deduction is acted 
upon, the number of fatal cases, even now too numerous, will rapidly increase. I maintain 
t^t the administrator should watch equally the loco, the pulse, and the respiration, sudden 
pallor of the Dice being of far more importance than partial interference with the breathing, 
ilie precautions mentioned in the remaining paragraphs are usually carried out in the London 
Hospitals. Time alone will show whether the sanguine future the Commission believe to be 
in store for chloroform will come to pass if their rules for its administration are carried out. 

I remain. Sirs, yours faithfully, 

Feb. 8rd, 1890. ^ * WOODHOUSE BRAINE. 


LETTER FROM Mb. ROGER WILLIAMS. 

O 

To THE EniTOBS OF “Thb Lancet ”. 

S3i6,^ust as modem industrial life is the outcome of the introduction of steam, so 
surgery is based upon the use of onsesthetics. Whatever relates to fatalities during 
fftnpsthAiMB. is therefore of the greatest importance to every practical surgeon. With nearly 
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half a oentory’s experience at onr back, it is siil^rising,->-iii these days of advancing science 
and greater accuracy in many respects,— to find that even now we have no really reliable in- 
formation as to the relative frequency of snoh occurrences. Bough estimates there are in 
abnndance, the value of which may bo judged from the fact that they vary, for chloroform, from 
1 in 36,500 to 1 in 2,666 administrations. 

My object iu'writing this letter is to point out that a pcrfeetly reliable source of inform- 
ation is now available, so that in future there can be no excuse for ambiguity. For many 
years past there lias been kept at St. Bartholomew’s Hospital a most sulmirablo record of the 
administration of anaesthetics and of the fatalities which liave occurred. Those have been 
published from year to year with the annual statistical reports of the hospital. Believing the 
subject well worth a little trouble, I have tabulated these records for the ten years 1878 — 1887. 
During this time chloroform was administered 12,368 times, witli 10 deaths (1 in 1,236), 
During the same period other was administered 14,581 times, with 3 deatlis (1 in 4,860). In 
9,072 of these cases ether was preceded by gas; 1 fatal case belongs to tliis category. In the 
other 5,509 cases ether alone was given, and 2 deaths occurred.* These facts are very eloquent ; 
they require no lengthy comment. I have long been aware of the greater safety' oV other, and 
have therefore preferred it to chloroform in most cases, notwithstanding its disadvantages in 
some other respects. I believe this is the goal towards which professional opinion is steadily 
moving; and I think this movement likely to be most beneficial. Experience at other hosiufails 
leads mo to believe that the results obtained at St. Bartholomew’s may be accepted as reliable 
averages. There can be no doubt, in these cases at least, that most of the fatalities occurred in 
spite of the greatest skill and care being used in the administrivtion of the anajsthotic agents. 
Snoh being the case, it is impossible to arrive at any other conclusion than that such occur- 
rences are unavoidable in a certain proportion of cases. 

l.connot conclude this letter without emphatic protest against the dictum of the 
Hyderabad Commission, that such deaths must bo ascribed entirely to carelessness on the part 
of the administrators. Such a statement is opposed to all clinical experience, and it is simply 
preposterous. 

I am. Sirs, yours truly, 

Welbeck-Street, W., Jan. 30th, 1890. W. KOGER WILLIAMS. 


LETTER FROM Surgeon-Majoe EDWARD LAWRIE. 

To THE Editors of “ The Lancet ”. 

# 

SiKS,— In of Fob, 8th and 15th, 1890, thoro aro important letters on the 

relative safety of ansesthetics. Mr, Roger Williams gives certain statistics of the administra- 
tion of ansesthotics and of the fatalities which have occurred at iSt. Bartholomew’s Hospital, 
which, he says, may be accepted as reliable averages at the other London hospitals* From 

It is right to state that in each of these cases the patient was in an exceedingly feeble and collapsed state 
before exhibition of the anresthctic owing to prolonged intestinal obstruction,— W* B. W. 
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these it appears that deaths from chloroform in the London hospitals amount to about 1 in 
1,286, and from ether to l.in 4,860 administrations. The late Mr. Symo’s cases and my own 
form a continuous series of daily administrations? of chloroform in Europe and in India, from 
1847 to . 1890, without any deaths, and if Mr. llogor Williams’s reasoning from statistics is 
correct, it is logical to infer that the administration neither of chloroform nor of ether, as 
condupted in London, is as safe as the administration of chloroform on the principles advocated 
by Mr, Syme. 

There can bo no doubt that there is a flaw somewliercs in the London teaching with 
reference to anaesthetics, and evidence on tliis point is supplied by the letter of Mr. Woodhouso 
Braine, who maintains tliat it is far more important to watch for pallor of the face than for 
partial interference with tlu^ breathing in chloroform administration, having ])reviously stated 
that pallor of the face is one of the. signs that the patient is dead. Mr. Braine writes as if the 
acceptance of tlie truth about chloroform would be disastrous to anesthesia specialists. The 
reverse of this would b(i the case, as it is well knowm that iinmcmse numbers of peoide are 
deterred from having operations ])erformcd on account of the dread of aiuesthesia caused by 
the present position of anaesthetics. 

It is for ana?sthetisis themselves, however, or for the surgeons who enii)loy them, to 
decide which policy is likely to lx? more conducive? to their own int(?rests ; 1o pcTsc'sere in an- 
nouncing publicly that anfcsthetics cannot 1)e given safely in London, or to give a fair trial to 
Syme’s principles, which ha>'e stood the test of, experience, and have been proved l>y the 
Hyderabad Commission to rest on a sc'cure physiological foundation. Tlu? question of chloro- 
form administration is no longer oik? of doubt or of ojunion, and moreover it is one of common 
sense. If Hyderabad students can be taught to give chloroform as they do day after day, with 
guaranteed safety, a fortiori it must be a much more easy task to teach Loudon students to do 
the same. 


Hyderabad, Deccan, March 12th, 1890. 


1 am. Sirs, your olicdiont servant, 

EDWARD LAWRIE, 

Surgeon-Major. 


MEDICAL SOCIETY OP LONDON. 


An ordinary meeting of this Society was held on February 10th, the President, 
Dr. Theodore Williams, in the chair. 

The President said that so much hung upon the valuable work of the Commission at 
Hyderabad that the council of tho Society had decided to give up an evening to listening to 
Dr. Lauder Briinton’s account of experiments, and to the discussion following thereon. 


By dally administrationB must \)g understood seycrol adsunistratious every day.— £ d. L.] 


Dr. Brtinion commenced by stating thaf the conclusions arrived at by the Commissioix 
had already been published by Lancet ”, but he thought that the main valne of their work 
lay in the nnmbcr of cxporiinonts tliat had boon done, which had been recorded graphically, and 
which would be printed and circulated so that they might be available to all, and the conclusions 
of the Commission concoming them might bo criticised, and, whore necessary, corrected, 
Syme attributed the absence of fatalities in the use of chloroform at Edinburgh to two facts-~ 
that Tory pure chloroform was used, and that plenty of it was given. It occurred {o the 
speaker that one reason of the deaths from chlorofonn might bo th<} neglect of the second of 
Syme's dicta ; for many of the deaths appeared to bo due to shock, and to occur at the beginning 
of on operation. Symo taught aho that in administering chloroform one should watch the 
respiration and not mind the pulse ; and Dr. Lawrie, in the first Hyderabad Commission, 
instituted a series of experiment'^ to show tluit the respiration failed before the pulse. In the 
first Commission 141 animals were used, and they all died of respiratory failure. Tho second 
Commission was inaugurated to repeat and extend these experiments, and 430 animals were 
used with a similar result ; in the entire 571 animals tlic respiration failed before tho heart. 
It might lie said that two chief theories were promulgated regarding the action ^ chloroform ; 
one, which might be called the Edinburgh theory — that chloroform paralysed the respiration, 
but did not paralyse tlio heart ; and the other, which was chiefly current in London — that 
chloroform paraly'-cd tho heart, and that thi"! was tho chief source of danger. It had occurred 
to Dr. Bnmton that the small amount of beer drunk in Edinburgh might lesson the liability 
to fatty degeneration of the heart and might have something to do Tvith tho difference in tho 
mortality. The Committee of tho British Medical Association in Glasgow found that chloroform 
sometimes paralysed the heart, and that this might happen in an unforeseen way which could 
not be prevented. The experiments of tho Commission were directed towards determining 
the action of chloroform u^wn tho heart, and careful tracings of blood-prossuro were taken. 
An ordinary manometric apparatus was used, the carotid of the animal under chloroform being 
exposed in tho usual way, the distal end being tied and tho proximal connected with a 
mercurial manometer ; the tube between the mercury and tho manometer being filled with solu- 
tion of bicarbonate of aodinm. Instead of using a quick recording drum, which would give an 
inguensely long tracing, a slow drum was used revolving only once in half an hour. This, 
though it recorded tho effect of respiration only, showed nevertheless sufficient for practical 
purposes. But in order to register any particularly interesting variations found on tho slow* 
drum with more accuracy, tho glass tube connecting tho artery with tho manomotor was 
famished with a branch, and this led to a second manometer and a quick drum. With 
this apparatus, by simply shifting a clamp, a “ Sample,” so to spOak, of the cardiac action 
could be taken on the quick drum at any interesting moment. To avoid errors from inertia 
the quick drum was worked in connection with a Fick’s manometer. They found that the 
difference between chlorofonn and other, so far ns their effects on blood-pressure was 
ooncemed, was just what Claude Bernard had pointed out years ago, that they both acted in a 
similar manner, but that chloroform was the more powerful of the two. Under chloroform 
tho pressure sank comparatively quickly, and on its stoppage and the adoption of artificial res- 
piration it gradually rose again. If ether was used there was a much slower fall of pressure, and 
artificial respiration produced a similar rise. ' If air strongly charged wiik chloroform were 



207 


m 

used, a sudden fall of pressure was observed. It then behoved them to inquire how deaths 
during the ac^ministration of chloroform were likely to occur, and how they were to bo pre- 
vented. They investigated the direct action of chloroform upon the heart. It was well known 
that if chloroform were injected into ordinary striated muscle it became hard like a board, but 
they found that injection of chloroform into the veins did not produce a distinct action on the 
cardiap muscle fibre, — at any rate, not in an3rthing like the degree they had anticipated. The 
injection of both chloroform and ether into the veins was found to lower the blood-pressure, 
but ether had a less effect tlhin chloroform. It was found, however, that other usually caused 
clotting of blood in the heart, and thus led to a fatat result. When ether and chloroform were 
injected into the trachea they both produced r*. rapid fall of blood-pressure. It should bo^ 
remembered, however, that the action of chloroform in these two ways, — by injection into the 
veins and into the trachea, — represented its toxic rather than its therapeutic effects. If the 
vapour of chloroform were driven into the trachea after the stoppage of respiration, the heart 
became paralysed ; but when administered by simple inhalation alone, when the respiration 
stopped an excess of chloroform was prevented from getting into the circulation, and i-he hciart 
in that caso w« 4 S not paralysed. But there were cei*tain points about the matter which required 
fuller consideration. An animal dying from paralysis of respiration might, after the stoppage 
of regular breathing, make one or two violent gasps, and these might bring in enough chloro- 
form to stop the heart’s action. There was some risk of this happening, but this risk only 
occurred if the chloroform vapour was drawn in when the animal was in a state of asphyxia, 
A tracing taken from an animal in this condition was found to be identical with one produced 
by the Committee of the British Medical Association. There was a drop in the respiratory 
curve, followed by slow action of the pulse, and then a gradual rise again. This slow pulse 
was due to vagus irritation, and sucli a tracing could be made at will by inducing* simple 
asph3rxia, either by closing the dog’s nostrils, or, if a canula were in the trachea, by stopping 
the end of the canula, or by making the dog breathe pure carbonic acid gas. Such a condi- 
tion was never produced by the administration of chloroform with plenty of air, but it always 
occurred during accidental asphyxia, l)r. Brunton had been much puzzled as to how the 
Glasgow Committee had produced this tracing, and he suggested an explanation. If, with a 
canula in the trachea, artificial respiration were being performed, a small quantity of blood 
might run down into the bronchi and clot. It might there form a valvular plug, and by 
moving up and down produce an intennittent asphyxia and give rise to such a tracing. 
Several experiments were tried on the effect of shock, but no marked symptom of that condi- 
tion could bo produced. It was true that no experiments had been done without ether or 
chloroform, ];>ut they concluded that such experiments were not only painful but unnecessary. 
They first put an animal under chloroform and extracted several teeth, but no symptom of 
shock followed ; they then tried laying hold of the skin of the anus and pulling and snipping 
imitating operation for piles, but with no result. The abdomen was then opened, and a 
piece of intestine pulled out and ligatured ; a blow was struck upon the testicles as the animal 
was coming round, but the effects were not so marl^ed as would have been imagined. As to 
position, when the animal was put upright there was a distinct fall in blood-pressure, which 
became normal when the horizontal posture was resumed ; elevation of the legs was found to 
taise the pre9Stire« With the animal in. the upright position, striking the abdomen or oxtracb- 
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ing teeth jproduced no shock. The oflPeots of dress were tried on female monkeys ; a plaster- 
of-Paris jacket was put on to imitate sbiys, and a tight bandage round the abdomen to resemble 
the band of a petticoat. Under both these disadvantages the animals seemed to die very 
quickly indeed. Phosphorus was administered to induce fatty degeneration, and in some the 
heart seemed to stop more quickly than in healthy animals, but the effects were not marked. 
Their main conclusions were that chloroform and ether acted in the same way, both paralysing 
the respiratory centre before the heart; if pushed after the respiration had ceased, the heart would 
bo paralysed. Chloroform was more potent than ether, which latter could 4iot bo used in very hot 
countries, and the chloroform should be given with plenty of air, for suffocation and chloroform 
rformed a deadly combination. The deaths from (ihlorofonn were duo to asphyxia and resulted 
from im]:)erfcct observation of the respiration. During the prosecution of the research they 
had a large number of accidcnbil deaths, but all these were due to inattention to the respira- 
tory condition. The pulse did not begin to fail till after the respiration, and if the respiration 
were not attended to till after the [mlse had failed it was probably too late. If attem])ts wore 
made to pay attention to both the respiration and the pulse, neither perhaps would be observed 
well, and hence it was advisable to keep the attention fixed on the respirati'^n alone. Dr. 
Brunton concluded by saying that we owed a great deal to the Nizam, who not only caused the 
research to be undertaken, but had generously consented to publish it, so that a complete set of 
the photographic tracings would be presented to all the principal medical libraries in^the world. 

In discussion which followed, Mr, Bailey dealt with the clinical side only. In the 
early days of chloroform ho thought it was administered as well in London as in the north, 
but many deaths occurred which were considered to bo duo to failure of cardiac action. Tlio 
plan of administering nitrous oxi<lo before ether did away with its disadvantages, and as 
perfect an anscsthesia could be obtained with ether as with chloroform, and the death-rato 
from the former was smaller. lie found it quite easy to watch not only the respiration, but 
also the pulse and the pupil, and the latter, he thought, gave most valuable indications as to 
the patient’s condition, 

Mr, Braiiio said that in fatal cases under chloroform the patient would be going on 
well, then a little more chloroform would bo given, when a pallor of the cheeks would bo 
noticed and no pulse would be felt, though the patient breathed on. *Ho thought that one case 
so observed in the human being was more valuable than thousands of experiments* on animals. ^ 

Dr. Sansom agreed that it was most valuable to have these experiments on hlood- 
pressurc reduced to nianomotric certainty. The question was what were the teachings of 
experiments on animals, and how did they bear on tho practice of the pjesent day? 
Years ago careful experiments were performed both in England and abroad, which led to the 
same conclusions that the Hyderabad Commission had shown more elaborately, namely, that the 
heart in animals was an iiltimiim moriens. But animals varied very much in their reactioiis 
to anassthctics even in the same species, and he thought that we could not arguo direct from 
animals to man, whom the influence of emotion placed in an entirely different category. While 
there was a fair amount of unifonnity in tho necropsy records from animals, in man this was 
not so, for in some cases all chambers of tho heart were found full of blood, which pointed 
strongly to the idea, that death took place from paralysis of the heart rather than of the 
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respiration. His general conclnsion was that, though experiments were valuable, they ought 
not to be accepted as solving the question, and wh^e practical anajsthetists valued these 
experiments at their proper worth, they could not prevent the possibility of syncope occurring. 

Mr. Carter referred to a case which occurred years ago when he was giving an 
ansDsthetic, and the patient died. He could not remember the state of her respiration, but saw 
nothing to arouse suspicion till he noticed the pallor of the countenance. His own opinion 
was strongly in favor oi chloroform as opposed to ether for ophthahnic operations. Ether was 
attended by more struggling and consequent venous congestion, and the liability tohsemorrhage 
from the choroid was therefore greater. 

Dr. Routh advocated the use of methylene as an anaesthetic. He had seen apparent 
death follow the administration of an anaesthetic in six cases ; in all the respiration seemed to 
fail as much as the pulse, and they were all restored by turning them topsy-turvy. He had 
likewise seen a fatal case from ether administration. He thought that an apparatus for the 
registration of chest movements would bo valuable. 

Dr. Day had administered methylene 1300 times without an accident. Ho had given 
it in cases of weak and dilated heart and in mitral stenosis without bad effect. Ho quoted 
from Sir Spencer Wells’s work to illustrate its value. 

Dr. Hewitt had never known respiration to fail twhile the pulse was good or fair at the 
wrist, and he had seen two or three oases in which the pulse had given the first, sign of danger. 

Dr, Brunton, in reply, said that there were certain differences of opinion as to the 
relative advantages of chloroform and ether. He had found the respiration stop in animals 
when the pulse w^as quihi good at what corresponded to the w^ist. Their experiments with 
ether WTre done under difficulties owing to the high temperature in Hyderabad ; they had 
ahnost to cut off the air before they got ana3sthesia with ether. After poisoning from much 
diluted chloroform there w’as a great difficulty in bringing the animal round, but there was 
not this difficulty with a stronger dose ; the reason was that in the former case it was difficult 
to say when the animal had stopped breathing. He felt sure that the truth about the question 
would come out later when the whole investigation W'as published, and when others would 
have on equal opportunity with themselves of studying the work that had been done. 


ANNOTATION FROM THE LANCET, February 15th, 1890. 

• 

Dr. Lauder Brunton delivered a very interesting address on his work at ’ Hyderabad at 
the Medio.J Society on Monday evening. Describing the methods he employed, now pretty 
familiar to those who have pursued physiological research, he passed round a number of tracings 
illustrative of the fall of blood-pressure under chloroform, &c. Dr. Brunton reiterated in the 
main the conclusions which, have already appeared in our columns, but supplemented them by 
details of work which could hardly find a place in the formal report. The discussion to which 
Dr. Brunton’s singularly lucid descriptions gave rise tended to indicate conclusions not 
altogether in harmony with the Hyderabad Commission’s results. While admitting the force 


27 



210 


of Dr. Brunton’s arguments as jipplied to tho lower animals, the praotical ansesthetisls present 
deprecated the extension of conclusions from the lower animals to man, unless positive evidence 
of uniformity of behaviour of chloroform towards men and beasts were adducible. It was 
further pointed out that the evidence produced was, so far as the action of the drug upon the 
heart went, wholly negative, and that the clinical observations of Snow, Clover, and living 
ansesthetists were opposed to the Commission’s contention that chloroform kills througli tho 
failure of respiration, and not by primary heart failure. While conceding the obvious and 
great value of experiments made upon the lower animals to elucidate conditions prevailing in 
man, one of tho speakers pointed out that considerable divergence in reaction towards 
chloroform existed in them, and tliis was an additional reason for not relying too much in tho 
present discussion upon the negative e\ddenco Dr. Brunton advanced. None will seek to 
diminish the great value, both scientifically and practically, of Dr. Brunton’s painstaking 
researches, and it must bo accepted as a sign of respect to him that so eager and lively a 
discussioil was elicited by his description of his part in tho work of the Hyderabad 
Chloroform Commission. 

LETTER FROM Dr. DUDLEY BUXTON. 

To THE Editors of ‘‘The Lancet.” 

Sirs, — ^Tho publication of the report of the Second Hyderabad Chloroform Commission 
and Dr. Lauder Brunton’s explanatory remarks given to the Medical Society afford very 
many points for careful study. It is unnecej,sary lor me to dwell upon the debt we owe to 
Surgeon-Major Lawrie, to <the public-spirited Nizam of Hyderabad, or to Dr. Brunton and tho 
other members of tho Commission. Dr. Brunton’s work has always been so good, so thorough, 
and so earnest that I believe all who are interested in this most important question — Can 
chloroform bo given safely, if given properly ? — looked forward with the utmost interest to tho 
feast of reason which he, alike with the other members of the C^oinmission, was to place before 
us. Now that we have got it, are wo happy ? Dispassionate candour compels me to reply that 
I at least have been carried no farther, although setting main issues aside, I would add no one 
can read the suggestive report without gleaning much tliat is valuable and much that is instruc- 
tive, Of tho many points involved, I can crave your indulgence for reference only to 
a few. In the first place, I find no attemj)t is made to bridge over tho great hiatus betwixt 
experiment upon the lower animals and tho daily experiments made on man. Possibly this 
is to come. Again, I am disappointed to learn no authoritative stat(!ment as to whether dogs, 
monkeys, &c., arc liable to syncope under any conditions ; persomilly, I believe if they 
are so the occurrence must be most rare. Comparing the statements concerning tho lower 
animals with one’s own experience among human beings, a wide discrepancy occurs ; 
for every grade of heart weakness finds a record in the note book of every observant ailsssthe- 
tist, provided his hospital experience is largo ; nor can tho bulk of such cases be attributed 
either to primary failure of respiration or careless administration. No doubt maladminfetra- 
tion may account for some deaths imder chloroform, but not all, since such fatalities have oc- 
curred under the skilled hands of men whose knowledge and experience were great and whoso 
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reputation was at stake. Again, we have long acknowledged the danger of death from 
asphyxia occurring during chloroformisation, and Snow pointed out long ago how over-dosage 
would, by paralysing the medullary centres, bring about death ; but our experience— and it 
must be conceded that a daily round of experiment and observation made upon human beings 
and conducted through many years gives practwial anrestlietists a right to a moderately auihori- 
tativo^judgment in the matter — rep(iated again and again, tells us that in a certain number of 
persons the pulse flags, los(iS tension, and fails, even though respiration remains unimpaired 
until with cardiac failure respiratory rhythm ceases. That deaths occur in the initial stage of 
chloroform inhalation is commonly reporh'd ; but if it be contended that such arise from fear, 
as in tlK*! oft-quoted case of Simpson, confusion becomes worse confounded, for patients exposed 
to the same terrors from nitrous oxide gas, which has been administered many millions of 
times, and from ether, do not di(j in the same way ; so that wo are forced to believe chloro- 
form, however it does it, does kill in a way peculiar to itself, which no forethought can antici- 
pate and no care or skill can obviate. Again, wc must remember that temperature has much 
to say to shock and heart failure, and it may not bo irrelevant to suggest that the Tropics in 
this way inay^'vmtrast favourably with temperate zones. Dealing with the comparative safety 
of chloroform .and (^ther, I think wo may bo pardoned if we decline to ac(^(*pt as proven the 
conclusions arrived at by the Hydcuubad Commission. In tlu' first place Dr, Crnnton told us 
that his ether was impure ; sc^condly, that in the climate of India it is iinpossibkj to obtain 
ana?sthesia by ether and maintain it unless air be so rigidly (excluded that suflbeation occurs. 
Under such circumstances, other is no doubt a deadly anjcsthetic. In temperate countries 
ether is not given in this way, and no asphyxial phenomena are prescuit. To describe 
ether narcosis as semi-anjesthesia is to prosre that the modc'rn methods of giving ether 
are unknown to the writers, and to invalidate their strictures upon that safe and most 
valuable ansosthetic. In conclusion, I would add that the experiment undertaken by the 
Commission to elucidate shock under ansestlu'sia is again totally opposed to our clinical expe- 
rience. Were the conclusions advanced to be accepied by us, we should find it hard to explain 
the fluctiuitions in tlu) pulse, the diffiu’ences in r(?spiratory rhythm which occur in laj)arotomies 
when the. intestines are liandlod, the pedicle of an ovarian cyst is tlragged upon, or a bladder 
is seized and h(dd while punc.tiired in suprapubic cystotomy. The division into “ chloroforrn- 
ists ” and “ etherists ” is irrational and harmful ; every aunesthetist learns sooner or later that 
every case is sui generis and a law fn itself, and for each must he dc'cide between not only 
chloroform and ether but between them and the man)^ other methods of mixed narcosis with 
which we are now familiar. Without fear or dread must he be prepared to give one or the 
other ansesthetic, but luf must bo keenly alive to all the possible contingencies of each, and 
not live in a fool’s paradise that if he only obeys certain rules and directions ho and his patient 
are safe and ho may administer his anaesthetic wdth perfect ease and absolute safety so os to 
do good without the risk of evil.” 

I am, Sirs, yours, faithfully, 

DUDLEY W. BUXTON, 

Anaesthetist to University College Hospital. 


Mortimer-Street, W., Feb, 1890. 
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LETTER FROM Db. SHAND. 

To THE Editors* OP “The Lancet.” 

— ^This being a most important subject, 1 feel morally called on, as one who has 
had nearly fifty years’ experience in practice, to express my dissent from two at least of the 
conclusions arrived at by the Chlorofonn Commission. I may premise that I used ethffr first 
with satisfaction till chloroform appeared, and saw it extensively employed in 1848 on the 
wounded from the various engagements on the advance of the Prussian troops to the relief of 
Radstadt and the restoration of the Grand Duke of Baden. So that I was the first English 
doctor (and from Scotland too) who saw chloroform used in gunshot wounds. With regard 
to the second conclusion, namely, the necessity of recumbent position in inhaling chloroform, 
I beg to state that two of my most satisfactory operations were performed many years ago 
under chloroform in the sitting position. One w\ns a gunshot wound of the right hand, which 
so smashed all the metacarpal bones that it was only possible to preserve the thuinl) and fore- 
finger. The gentleman is in Loudon at present, and (,*ould exhibit th(^ daic^ as ho terms it, wdth 
which ho w^rites and shoots*as of old. 1 saw him soon after the accident, and ^th*the assist- 
ance of a butler placed him in an arm-chair, chloroformed him, and performed*the operation. 
The second was a case of incarcerated inguinal hernia of the left side. 1 fixed the patient in 
a chair with the counterpane of his bed and gave him the chloroform, while I sat on a chair 
facing him close to the window with my back to the light. The cure w^as rapid and perfect, 
and the patient required no truss. He was vrell in four w’eeks or less, I give you these 
two cases in respect to position; A largo percentage of people respire more freely in that 
position than in the recumbent one ; and although I do not think the heart’s action is to be 
neglected, yet even for its benefit the respiration is the key. My experience of pure alcoholic 
chlorofonn, administered l)y an expert, is that it is the most manageable, safe, and ofiectivo of 
anaesthetics, although I quite agree wdth Sir Spencer Wells, that, provided the administrator 
is an expert in his own choice, any of at least three will answer equally w^ell. The next 
material point is as to administering morphia, cither hypodermically or otherwise, before chloro- 
form. A dose of morphia ofhm appears harmless, and obtains a gootl response. I have extract- 
ed a pebble from the hip, the patient resting on his face in bed, and succeeded well enough, 
though, as might be anticipated, I had to restore respiration in the middle of • the operation by 
pressure of the ribs at an open window. I have administered suflScient chloroform several 
times to keep the patient asleep for about twenty-four hours right off, and without accident. 

P.S.— Since writing the above I notice that one of your corres*pondents mentions two 
important points in last week’s issue, one of which is the advantage of placing the head on one 
side during the inhalation of the drug, to allow the saliva to flow out of the corner of the 
mouth. It also almost prevents the falling back of the tongue over the epiglottis. This 
arrangement I have frequently alluded to and acted upon with satisfactory results. 

I remain, Sirs, yours faithfully. 

JOHN SHAND, m.d., r.R.o.p„ Ed. 


Edinburgh, January, 1890. 
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LETTER FROM Mr. EWEN J. MACLEAN. 

To THE Editors of “The Lancet.” 

Sirs, — ^The following notes of a case in one’s experience of the uso of chloroform may 
be of interest at the present time. J. G , aged fifty-nine, army pensioner ; has seen a good 
deal of foreign service : had malaria. Operation by colleague : evulsion of the right great 
toe-nail. Patient had been low-spirited for some time. Bowtds regular. Had no food for 
fonr hours previously to ojoeration. Chloroform administered by myself on an ordinary soft 
bed-room towel, folded cone fashion, after the heart had been examined as a matter of form and 
found normal. The head was kept low. It was a considerable time before the anaesthetic 
took any visible effect, and the patii^nt was very quiet both in s])oech and movement and took 
deep breaths freely. Somewhat marked congestion of the extenial jugular and temporal veins 
was noted. Three times the operator tested the seat of operation after the conjunctival reflex 
appeared abolished and muscular relaxation ])resent, but found sensibility to pain still retained. 
The fourth time, however, there was no response, and tlu^ operation was proceeded with. In 
the course of five 'minutes or so, wlnm the toe was being sponged, while the pulse remained 
steady, thongli a trifle i*apid, the breathing became quicker and somewhat shallow. The 
administration of chloroform was at onc(^ stopped and the cloth put away to a safe distance, 
Tlie breathing, however, became increasingly shallow and soon stopped entirely. In the mean 
time the lips and face generally had l)ocome distressingly livid and the pupils widely dilated. 

; The pulse, however, k('pt going, though its character or frequency cannot bo reliably noted 
from the fact that artificial respiration w^as at once resorted to, Silvester’s method was 
employed, the tongue being drawn forwards with foroe])s by 013 ^ colleague. The windows of 
the room were wjlely opened to admit air freely. After about two minutes of this treatment 
the artificial respiration was stopped, to see if auto-respiration would be re-established, but still 
no breathing. There was no time to examine the characters of the heart or pulse. Cold water 
was next dashed in abundance over the chest and throat, and this undoubtedly effected the 
turning point in tlui case, as, after a few more passes of tlu^ Silvester method, auto-respiration 
returned — at first very shallow, but rapidly improving. The recovery seemed accelerated by 
the application of flannels wrung out of boiling water to the praecordia. The patient was next 
got comfortably into bed with hot-water bottI(»s to feet and flanks and brandy and ether were 
administereJ, He recovered without any aj)parent ill-effects, and m^xt day, when told of our 
anxiety as to his welfare on th(a previous daj% stated that it was the seventh time in his varied 
experiences he had narrowly escaped with his lii e. This case, amongst other things, impresses on 
ono ; — (1) The necessity, of watching with special care those cases where ansesthesia is difficult 
to establish. (2) The importance of noting the character and frequency of the respiration, (3) 
The fact +Jiat chloroform paralyses the respiratory before the cardiac centre. (4) The value in 
these cases of Silvester’s methods of artificial respiration. (5) The great value of cold-water 
affusion in recovering auto-respiration. ( 6 ) The moral duty of being thoroughly well acquaint- 
ed with the treatment of emergencies incident to chloroform administration. 

I am. Sirs, yours very truly, 

• EWEN J. MACLEAN, m,b. 

Bristol, February 1890 . 
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• LETTER FROSi THE GLASGOW CHLOROFORM COMMITTEE. 

To THE Editors* OF “The Lancet,” 

^ Sirs,— Tho Hydetabad Report, •which appeared in “ Hie Lancet ” of January 18th, natn- 

mlly attracted out attention and called lor remark, especially as it scorned to traverse certain of 
Dtir conclusions. On carefully readinj^ the report, it appeared to us that, so far as the facts are 
ooncfthied, it generally confirmed our own observations as to the action of chloroform both on 
respiration and on the heart. Some of the inferences, however, arc opposed to ours ; but they 
are also opposed, as we believe, to the facts stated in the report itself. We therefore propose 
to criticise the report, and we would have doiK^ so immediately after its publication but for a 
j*equost communicated to us that wo should wait for tho publication of the tracings on which 
the report is largely based. We at. once agreed to post 2 '>one our remarl's^* and only make this 
communfeation lest our silence should bo misinterpreted. 

Wo are. Sirs, yours faithfully, 

JOHN (J, MoKENDRKJK. ' 

JOSEPH COATS. 

DAVID NEWMAN. 

LETTER FROM Mr. FREDERIC HEWITT. 

To THE Editors of “The Lancet.” 

Sirs, — Although wishing that space w^ould permit me to express my keen appreciation 
of the work done by the Commission, I feel that, as then^ is so much to be said on this important 
subject, I must at once proceed to the consideration of tho questions at issue. 

In the first place I w^ould ask wdiat is the true value of the physiological fact that, when 
chloroform is administered in toxic doses to the low^er animals, respiration ceases before cardiac 
action ? Have wo any clinical evidence to prove that, under similar circumstances^ this sequence 
of events is not met with in human beings ? In most, if not in all, of the rapidly fatal cases 
which have occurred under chloroform, it has, for ob\dous reasons, been a matter of extreme 
difficulty to say at what particular moment the heart ceased to beat. Failure of the pulse has 
often been taken to mean stoppage of the heart, but without sufficient grounds. If it were 
possible to make a series of observations upon human beings with tliat accuracy which is 
attainable when conducting experiments upon lower animals, I should not be surpris6d to learn 
that, when chloroform caupes death solely by reason of its toxic properties, tho same sequence 
of events as that observed by the Hyderabad Commission invariably occurs. But our know- 
ledge concerning the action of the heart under anesthetics is alnfost entirely dependent upon 
observations on tho pulse ; and it would seem that confusion has frequently arisen in cohse- 

l* In Bpite of tlilB Btutemeut the G-la»eow Committee published their remarks one week before ** the publication of tho 
tracings on which the report is largely based?*] 
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quence of feilure of the pube having been taken* to mean that the hear? has “suddenly deased.” 
I am hero only referring to those cases in which chloroform itself woqliT seem to have iSeen the 
cause of death ; and in such cases, which are usually rapid in their coiy*se, 1 do not think th^ . 
clinical evidence we possess is suffici(*nt to disprove the contentions of the Commission. But 
this, I submit, is the least important part of the subject. Even thougli we* admit the (act that, 
when chloroform itself is the direct cause of death, respiration ceases before ‘the action of the 
heart, we are confronted by a question which seems to me far more important than that upon 
which the Commission has l^dd so much stress. When fatalities occur during the adminlstr^ 
tion of chloroform, are those fatalities invariably caused by the direct toxic effects of the drug ? 
In other words, have we not conclusive e^ddciiice to show that, in man, deaths under chloro- 
form sometimes arise by reflex cardiac^ failure which is only indirectly duo to the anajsthetic ? 
I cannot regard the oxjierimenis ol‘ ihe Commission in this direction as rcmdcu’iug snch a po^ir. 
tion untenalilo ; for cases have come under my own observation in which symptoms of cardiac 
depression obviously of reflex origin liavo arisen. AVbether it lie tlio low vascular tension of 
chloroform narcosis or other conditions I know not ; but I feel sure that the^e is something 
that renders the human heart under chloroform suse(‘ptible to impulses which are utterly inopera- 
tive under ether. I am inclincjd to the belief that the pi‘rformance of many operations under 
chloroform is attended by considerable risk from tliis quarter ; and 1 am by no means satisfied 
that cardiac inhibition is less lik(dy to bo produced during ])rofound than during imj)crfect 
anaesthesia under chloroform. Not long ago I administered chloroform, by means of Junlcer’s 
apparatus, to a patient of about thirty-five years of age, whose g(meral health was good. Anaes- 
thesia w^as produced in from eight to ten minutes, and was characterised by muscular flaccidity 
abolition of lid-reflex, and slight shjrtor. Th(jrc were two stages in the operation about to be 
performed, the first of wdiieli consisted in placing a temporary ligature round the carotid artery 
in the neck. Whilst the artery w^as being exposed fortius purpose the pulse became extremely 
feeble, the face pale, and respiration shallow^ and the o])erator had some difficulty in recognis- 
ing the carotid artery by reason of its extraordinary diminution in size. The head was lowered. 
After three or four compressions of the chest the pulse improved, and, as rigidity and lid-reflex 
soon reappeared, I was obliged to continue the administration, ha\ing recourse to ether for the 
remainder of the operation, which was successfully performed. The day after the operation, 
whilst the wound over the carotid was being examined, the patient’s face suddenly hecame 
•pale, the artery contracted as on the previous occasion, the eyes were observed to turn upwards 
and the muscles of the jaw to twdtch, and for a few seconds unconsciousness was present. Now 
in this case, when the first attack of syncope occurred, the patient was thoroughly ansesthetised 
by chloroform ; whilst the quick return of muscular rigidity and of lid-reflex proves that the 
ansesthetic was in no way to blame as a direct cause of the symptoms. Cases of this kind arc, I 
believe, by no means uncommon, and they would seem to point to the conclusion that reflex syn- 
cope may undoubtedly arise under chloroform even when the anaesthesia is profound. Apart 
from anaesthetics, some persons arc, us is well known, more j)rono to syncope than otliers, and 
this would seem to be so wjth regard to patients under chloroform. How can we compare the 
patient above referred to, to the pariah dog ? Would the latter bo likely to be attacked with 
syncope by manipulating its carotid ? I gather from the report of the Commission that 
syncope, should it arise, is a safeguard against chloroform poisoning rather than a condition 
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involving ipuch danger to life ; but we cannot look upon it in this light when we meet with it 
upon the operating table. 

In conclusion, I would say a few words concerning the indications afforded by the pulse 
during chloroform administration. There is much evidence to show that, in whatever way 
death occurs during chloroform narcosis, the pulse, if carefully watched, usually gives warning 
of the approach of danger before respiration has become seriously affected. In those cases in 
Vhich cardiac depression is only indirectly due to the chloroforvi— such, for example, as the 
case I have related— the initial symptoms are ob^'iously cardiac in origin, and are hence to be 
detected by alteration in the force and frequency of the pulse. In those oases, too, in which 
the s 3 rmptoms are indisputably due to an overdose of chloroform — such, for example, as the cases 
reported by the Commission — the pulse will, in obedience to the fall of vascular tension (which, 
as the Commission admits, precedes stoi)pago of respiration), give indications of the most 
important character. If the Commission could ])rove that, when chloroform is administered in 
toxic doses, roepiration invariably ceases whilst the radial pulse is pnuitically unaltered in qua- 
lity, we should begin to look upon chloroform as a respiratory poison only ; bijt these are not 
the facts, so far as I understand. I cannot avoid tlie conation that tlu' Hyderabad Commis- 
sion have incurred a grave responsibility in eulogising chloroform as an anaesthetic for general 
purposes, and in recommending administrators to disregard the indications afforded by the pulse. 
As I have before ventured to point out in these cohmms, we should consider the inexperienced 
rather than the experienced in recommending an anaesthetic. I have lately read the records of 
every fatal case reported by “ Tlui Lancet ” and “ British Medical Journal ” ns haring occurred 
trader anaesthetics in the British Isles from 1880 to 1880 inclusive, and I find that out of a 
total of 130 chloroform deaths no less than fifty-four took place in coiraection with minor sur- 
gical operations, most of which were doubtless conducted with somewhat less caution thnn 
would have been employed in more critical cases. Arc we to advise tlie use of cldoroform 
(which Ur. Lauder Brunton admits to bo a most powerful drug) to recently qualified men, who 
have perha])S never employed it before ? 1 confess I cannot regard it as advisable to permit 
those with but little exj)erience to administer chloroform to patients coming into the surgeries 
of hospitals with a dislocated shoulder or a lacerated finger, yet this course is one which the 
Commission appear to countenance. Even though we accept the facts so ably put before ns by 
the Hyderabad Commission, we are, I would submit, in no way justified in. agreeing with the 
practical conclusions at which the Co mmis sion have arrived. 

I am. Sirs, yours obediehtly, 

FllEDERIC HEWITT, 

Instructor in and Lecturer on Ansesthetios 

at the London Hospital, dco. 

George-Street Hanover-Sqnare, W., Feb. 24th, 1890. 

. i 


[It is to be obeeiYed that when the pulse failed Hr. Hewitt employed artificial respiration to restore it.] 
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” LETTER FROM De. CHARLES E. SHEPPARD. 

To THE Editors of “ Tub Lancet/’ 

Sirs, — ^Tho importance of the issues at stake seems to render it incumbent upon evory- 
fino who has special opportunities for observing the action of anaesthetic agents to record his 
opinion concerning the results of the Hyderabad Commission. Many of the conclusions arrived 
at are of tlie utmost importance, and our best thanks are due to the Commission for bringing 
these prominently under notice. I allude more particularly to the influence of asphyxial con- 
ditions, the previous exhiliition of certain drugs, hinmorrhage in considerable degree, and the 
position of the animal aniestbotiscd. On the other hand, there are many points for the final 
settlement of which wo had all looked forward with the greatest interest to the experiments of 
the Commission, but in which wo are, if anything, in a more uncertain position than before. 

In the first place, it is unfortunate that all the evidence as regards the occurrence of 
primary syncope is negative, and one cannot help feeling that, even were the instances con- 
siderably niultijjlied, there still would b(» no certainty that the next (ixperiment might not prove 
the cxc(ii)tion to the rule. And if we arc not justified in arriving at a dogmatic conclusion in the 
cas(^ ol‘ the lower animals, how much l(;ss an^ we warranted in applying the same conclusion to 
the human subj’cct. The records of clinical experience, in fact, stand confronted with the re- 
sults of laboratory experiment, and 1 think that every dne will allow more weight to one positive 
instance occurring in the former than even to thousands of negative instances in the latter. It 
is well known that many of the cases which have suddenly terminated fatally, or shown signs 
of serious cardiac failure during the administration of chloroform, come under a certain cate- 
gory, including forcible dilatation of the sphincter ani and other operations which 1 need not 
here specify. Other fatal results have occurred during the performance of trivial operations 
where the action of chloroform has admittedly not been carried to complete narcosis. Now, 
although -there may bo some difficulty in attributing the precise cause in each individual case, 
whether an overdose of the vkug suddenly applied in order to check movement,, or whether a 
reflex inhibition of the heart in consequence of incomplete anoesthesia, there can be no doubt 
as to the symptoms observed, viz.^ sudden pallor and failure of pulse, almost coincident with 
the commencement of operation, and in many cases absolute failure of all means of resuscita- 
tion, although promptly applied. Now, on referring to the experiments made upon the lower 
animals in this connection, wo find that, although all the operations associated with shock 
and cardiac failure were performed in all stages of chloroform administration, yet tliere 
was nothing beyond a ‘slight variation in blood-pressure to indicate anything approach- 
ing syncope or cardiac failure. Evidently, therefore, in this matter wo stand face to face with a 
serious dissimilarity between the conditions as occurring in the human subject and in the lower 
animals respectively, and yet, on turning to the practical conclusions deduced from the experiments 
of the Commission, we find it recommended that “ as a rule, no operation should bo commenced 
until the patient is fully under the anajsihetic, so as to avoid all chance of death from surgi- 
cal shock or fright.” With the conclusion I think most chloroformists will agree, but not with 
the method of arriving at it ; and 1 maintain that if we followed the indications furnished by 

laboratory experiments in this instance we should bo led into grievous error. 

28 
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On.making a general survey of the experiments as reported we cannot help being 
struck by one very important fact, the uniformity with which the various phenomena 
presented themselves in each series, oven in those purposely complicated for special objects. 
In other words, the percentage of typical cases is very large, and contrasts markedly with what 
is observed in the human subject, where typical form is comparatively uncommon, but is 
nevertheless, when it occurs, recognised as the normal and made the point of departure for the 
consideration of all others. It is chiefly on this account that Ifecl I must disagree with the state- 
ment of the Commission that, if the rules laid down be followed, “ chloroform may be given in 
any case requiring an operation with perfect ease and absolute safety.” The public, who are our 
judges, if anything goes amiss, will — nay, already have supplied the words ‘‘ by any one, experi- 
enced or inexperienced,” and this idea, if allowed to gain accephince, will, I am afraid, be 
fraught with disaster. Even assuming for the moment that primary cardiac failure never 
occurs in the human subject, cases arc continually presenting themselves where the respiratory 
signs need the closest watchfulness. Clinical cxi>oricnce shows us tliiit shallow breathing 
occurs at the two ends of the scale. On the one hand, when the subject is deeply under the 
influence of cldoroform; on the other, when ho is entering or emerging from its influence. In 
our typical cases the interval between the two is well marked, and the two conditions arc easily 
distinguishable ; but in others, not at all infrequent, the interval is so small and so slightly 
marked that it may be bridged over hj a minute dose of chloroform, or even by a mere altera- 
tion of position in the patient. It is here that even the experienced administrator might bo 
led into a fatal error if he trusted entirely to the ill-defined signs furnished by the respiratory 
function, and it is only by a careful attention to the important indications yielded by the pulse, 
the pupil, the conjunctival reflex, the colour, and temperature of the skin, that .he is able to 
conduct his patient safely Ihrougli a truly perilous journey. 1 cannot conclude this letter with- 
out heartily endorsing every word in J)i\ Hewitt’s valuable letter on the same subject.* 1 have 
myseK notes of at least two cases in which, during complete and satisfactory chloroform narcosis 
and without haynorrhage of any importance, there was a rapid fall in the volume andj^nsionof 
the pulse, attended with blanching of the lips and coldness of tho surface, without any prelimi- 
nary alteration in tho depth or frequency of respiration. Whatever tho exact cause may be, 
there can be no doubt that during tho administration of chloroform we must always be pre- 
pared for such an occurrence, whereas with ether wo may practically* disregard its possibility. 
The duty of tho anmsthotist during the performance of a surgical operation on tho human 
subject must be regarded as a highly complicated one, and I am of opinion that the most relia- 
ble administnitor is tlic one who, {lutomaticJiDy, as it were, is at all times in full possession of 
the general condition of his patient, keenly alive to all tlio indications presented to him, how- 
ever trivial, and at once prepared to regulate his procedure accordingly. 

I am, Sirs, yours obediently, 

CHAELES E. SHEPPARD. 

Second Chloroformist to tlie Middlesex Hospital ; ^ 

Anesthetist to Guy’s Hospital (Dental School). 

Welbeck-Btreet, Cavendish Square, W., Maroh 4th, 1890. 
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ANNOTATION FROM THE LANCET, Mabch 22nd, 1890. 

It is rather extraordinary to observe what an outcry has lately been raised by a number 
of our lay contemporaries against the experiments upon the effect of tight-lacing as a cause of 
death ^during the administration of anaesthetics which wore made by the Chloroform Commis- 
sion in Hyderabad, and mentioned in an address given at the Medical Society by Dr. Lauder 
Brunton. In some papers those experiments have been quoted as examples of the infliction 
of pain upon sensitive animals to an extent that is “ horrifying,” and have been stigmatised as 
“ wanton cruelty,” Some of the papers appear to have thought also that Dr. Lauder Brunton's 
observation that the experiments were made on female monkeys as being more like women than 
dogs referred to their mental and not to their physical characters, whereas it is obvious that the 
observation had reference only to the shape of th(' body as influencing the respiration, and 
in shape the body of the monkey more nearly resembles the human being than does that of the 
dog. Female monke3^s were chosen in preference to males on account of th(^ i)ossibility that 
a difference might exist between the amount of thoracic and abdominal breathing in male and 
female monlceys similar to that which exists in w^omen as comjiared wdth men. It is hard to 
see how these experiments can be looked upon as cruel, inasmuch as there w^as absolutely no 
pain inflicted, the experiments simply consisting in ajiplying to monkeys 'uinier chloroform 
an amount of compression of the chest and abdomen w'hich is self-inflicted daily by many 
thousands of women in Great Britain without aiit'csthetics; The objection has also been raised 
that the experiments were needless, as the effects of tight-lacing hadl)ecn demonstrated over and 
over again ; but it seems to have been forgotten that the (‘xperiments of the Commission wen^ 
not made in regard to the effect of tight-lacing in general, but to the effect of tight-lacing as a 
factor in producing death during the administration of chloroform. Theoretically, no doulit, 
it ought to be easy to predict that tight-lacing w^ould nid in the production of death during the 
administration of chloroform ; but it is very easj" to say, after the experiments of the Commission 
have shown this to be the case, that tho results they obtained w’cre well known before, and 
that no good has been gained by their experiments upon the subject. But i)ractically tho 
dangers of tight-lacing have not been projierly appreciated, inasmuch as an unfortunate death 
occurred in Edinburgh from nitrous oxide administered for the extraction of a tooth, at tho 
beginning of October last, shortly before the Oommission began its labours. In this caso 
there seemed to bo reason to believe that tight-lacing had contributed in no small measure to 
tho unfortunate result, arid it was, indeed, this lamentable accident which led the Hyderabad 
Oommission to make their experiments. These oxi)erimonts will have served their purpose 
if they lead to the general observance of the rule w^hich the Commission lays dowm in the 
third section of its conclusions, viz. : ** To ensure absolute freedom of respiration, tight 
clothing of every kind, either on the neck, chest, or abdomen, is to bo strictly avoided ; and 
no assistants or by-standerS should bo allowed to exert pressure on any part of the patient’s 
thorax or abdomen, even though the patient should be struggling violently. If struggling 
does occur it is always possible to hold the patient down by pressure on the shoulders, pelvis, 
or legs without doing anything which can by any possibility interfere with tho free movements 
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of respiration. ” The ontcrj, foolish though it may havo been, against the experiments just 
mentioned may not be altogether without its use if it loads to a general recognition of the 
dangers of tight-lacing or tight clothing generally in anyone who is about to take an 
ansesthetic. 


LEADING ARTICLE. 

“ 27«? Lancet^' 29th March 1890. 

Professor H. C. Wood, conjointly with Dr. Hare, has communicated a paper upon 
the physiological action of chloroform to tho American Medical News of Feb. 22nd. The 
authbrs criticise the work of tho Hyderabad Commission, .and are led to adopt very diflferont 
views concerning tho action exerted by chloroform upon tlie heart. Moreover, they toko 
exception to an obsen-ation made by us in The Lancet of Jan. 18th, p. 139. Wo said, in 
speaking of tho Hyderabad Commission: “Tlio practical outcome of the research would 
appear to be that de.atlis are not inevitable. Tliey are therefore inevcntable, and by due care 
in its administration they may bo with certainty avoided.” Professor Wood and his collii- 
borator do not appear to recognise that in using the above words w’e w ere expressing the 
conclusions of the Commission rather than our own. We were careful to add : “ Tho conclu- 
sions of the Commission arc sweeping, and without abxind.mt evidence cannot bo accepted.” 
We havo spoken with no uncertain sound from time to time concerning tho dangers attending 
the use of chloroform — dangers which unquestionably, in temperate climes, manifest themselves 
through the heart. A careful perusal of the report of the Commission will, wo think, amply 
justify us when we assort tho outcome of its teaching is th.at heart faihure does not occur, and 
deaths are, if ordinary precautions arc adopted, quite preventable. Wo may, however, quote 
the final words of tho Commission in eonfirm.ation of this. It s.ays {Ihc Lancet^ Jiiu. 18th, 
p. 159) : “ The Commission has no doubt wliatcver that if the above rules bo followed, chloro- 
form may bo given in any case requiring an operation \nth perfect ease and absolute safety, 
so as to do good without the risli of evil.” The rules, we may remark, are simply those which 
every competent chloroformist has, since tho days of tho English (Morofonn Committeo^ 
known and practised. But the really important part of Professor Wood’s paper is that in 
which he narrates his own experiments. Tho work of Professor 'Wood, as that of a tried and 
skilled experimenter, and one who has investigated tho action of chloroform upon tho heart 
more than once, must command the utmost attention. In reviewing modem physiological 
research on this subject, he justly says it is unanimous in averring that chloroferm given 
diluted to the lower aninmls kills qua tho respiration, «.c., as Snow has well explained, by 
cumulation ; given in concentrated vapour, it kills by provoking paralytic arrest of tho • heart. 
This result also obtains when chloroform is injected into the veins. The heart furtlier after 
this arrest is found relaxed and incapable of responding to stimulation. Professor Wood states 
this result is so constant that ho has repeatedly demonstrated it before his class. It has been 
the custom to destroy dogs in the laboratory by chloroform, and Professor Wood has “ often 
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noticed that death has been produced by primafy cardiac arrest.” Although possessed of these 
facts as the result of several years’ work in the laboratory, it was determined, upon the publi- 
cation of the Hyderabad Commission’s report, to re-investigato tho matter. This was dono 
with tho result that Professor Wood became more than over impressed by tho fact that chloro- 
form can and does kill directly through primary arrest of the heart. One series of experiments 
went to show that the heart is direMhj affected and not rofloxly, tho view now commonly held 
by exports. A second series proved that although when large doses are given, respiration and 
tho heart’s action may c^aso synchronously, yet frequently tho cardiac action ceases a 
perceptible period before the respiration comes to a standstill. The conclusions founded upon 
these experiments are well worthy of very careful consideration. Tho authors say chloroform 
acts as a powerful depressant poison upon both respiration and circulation ; sometimes the 
influence is most felt at the heart, and death results from cardiac arrest ; in other cases the drug 
paralyses primarily the n^spiratory centres, while in other instances it seems to act with equal 
force upon both medulla and heart.” And, furthcir, they are led to formulate that cardiac 
arrest is specially prone to occur wlam chloroform is^ administered rapidly and in a con- 
centrated dorm.” It is also stated by tho writers of the paper that they have each witness(jd 
deaths from chloroform in the human subject, in which the heart ceased some while before arrest 
of respiration took place. They suggest that if the report of tho Hyderabad Oommission is not 
materially modified in its main contention, r/c., that chlorofonn does not cause primary cardiac 
arrest, the explanation may be I'ound in some peculiarity of Indian pariah dogs, since European 
and American dogs unquestionably succumb to primary heart failure when allowed to inhale an 
unduly strong chloroform vapour. 


In The Lancet of September 21st, 1889, we made the same suggestion as Professor Wood 
does now, and pointed out the possibility of tho animals experimented on in Hyderabad being 
peculiarly resistant to the action of chloroform, and also indicated that differences in resisting 
power might also exist between the inhabitants of different cities. further indicated varia- 
tions in temperature as anotlier possible cause of difference in tlic results of chloroform admin- 
istration. There may be other factors still unknown, and which may be ascertained by further 
experiment. We have no doubt that the experiments of the Hyderabad Chloroform Commis- 
sion and those of Drs, Wood and Hare wTre made with equal care, and tho apparent discrep- 
ancies between the results will in tho end only lead to a fuller and more perfect knowledge of 
the truth. But wn have foreseen that it is quite impossible to come to a final conclusion rfj- 
garding tho action of chloroform on man from experiments, however numerous and however 
careful, on tho lower animals. Such experiments are of great value, but the question must 
also bo worked out from tho clinical side, and it is for this reason that w'o have sent out a re- 
quest for information regarding the results of tho administration of ansosthetics. Wo trust that 
tho difficulty of arriving at exact conclusions without a very largo basis of facts will induce all 
those who can give us information to do so as fully as possible, and also to remember tho 
proverb, “ Bis dat^ qui cito datJ^ When w^e have received these returns we purpose to have 
them collated, and to devote careful consideration to the whole question of the action of antes- 
thetios, from its clinical as well as its experimental side. 
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LETTER FROaf Db. A. MITRA. 

To THE Editors of “ The Lancet,” 

Sirs,— The point raised by Surgeon-Major Deane in his letter published in The Lamet 
of January 25th is no doubt very important to the medical practitioner both in the United 
Kingdom and in other parts of Her Majesty^s dominions. After the promulgation of the 
Hyderabad Chloroform Commission Report, the administrator oLchloroform in a case which 
may unfortunately be fatal will bo in a very awkward position before the coroner’s court. We 
hear very often of ‘‘ death from chloroform” in large hospitals in the United Kingdom. Con- 
sidering that greatest care is .always taken to entrust the duty to trained and experienced men, 
it is impossible to believe that no other factor but want of sufficient care plays part in such 
casualties. While fully appreciating the great and good work done by the Commission, I 
believe I dm justified in saying that there is hardly one new recommendation contained in the 
practical conclusions given in the end of the Report which is not already known to the 
profession, and which careful surgeons do not observe in their every-dcay work in tlio jperation 
ropm. 

Dr. Deane says : — ‘‘ For the last fourteen years I have administered chloroform precisely 
as the Commission recommends.” I can fully bear testimony to this statement, as I had on 
several occasions administered chloroform when Dr. Deane was operating. 1 have adminis- 
tered chloroform in a very large number of cases. I have always held the theory that chloro- 
form stops the respiration before it interferes wdth the circulation. During the administration' 
of chloroform I never feel the pulse, but keep a careful eye on the respiration and condition of 
lips, &c, ; but, during the last four years, I had on two occasions to abandon the contempLated 
operation, and on three otlicrs to postpone it, for the danger that stared me in the face after 
the administration of only a few whiffs of chloroform. By the time this letter will reach you, 
English surgeons will no doubt have given their opinions on the question. The Hyderabad 
Commission deserve the highest credit, and it is not too much to say that it is one of 
the greatest scientific events of the nineteenth century ; but, at the same time, it must be 
observed that the Last paragraph of its report has hardly the chance of being universally 
admitted, and is calculated to be positively dangerous medico-legally, as Dr. Deane has 
pointed out. 

I ain, Sirs, youvs faithfully, 

A. MITHA, L,B.o.8. 

Kashmir, March 5tb, 1890. 
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REMARKS on the REPORT of the SECOND HYDERABAD CHLOROFORM 
COMMISSION, by John G. McKendbick, m.d., (Professor of Physiology 
in the University of Glasgow) ; Joseph Coats, m.d., (Pathologist to the 
Western Infirmary, Glasgow) ; and David Newman, m.d., 
(Surgeon to the Western Infirmary, Out-door Depart- 
• ment, Glasgow) ; Members of the British Medical 
Association Committee on Anaesthetics. 

o 

(Reprinted from the British Medical Journal op June 14th, 1890.) 


The tvork of tlio Commission — T1i£ Dangers of Chloroform — Its Action on the Heart— 
Liability to Sudden fall of hlood-pressure — Gradual Fall constantly observed — 
Chloroform or Asphyxia? — The Relative Importance of Heart and Respiratory 
Failure — Points of Agreement. 

W 6 desire, in the first instance, to congratulate the members of the Hyderabad Chloro- 
form Commission on the completion of an investigation of great importance to humanity. It 
reflects much credit not only on the members of the Commission who carried out the experi- 
ments, but also on the Government of His Highness the Nizam, his Brime Minister Sir Asman 
Jah, and especially on Surgeon-Major E. Lawrio, whoso zeal and energy originated and 
successfully carried out the Commission. The completion of a scientific investigation of such 
magnitude, and with the aid of all the refinements of a modern physiological laboratory in 
the capital of the largest native Indian State, is an event of historical importance, and may 
bo regarded as an earnest of the time when East and West will co-operate for the advance- 
ment of science. 

2. The report of the Hyderabad Chloroform Commission appeared in the Lancet of 
January 18th, 1890 (vol. i., 1890, p. 149). The Reports of the British Medical Association’s 
Committee was printed in the Journal, vol. i., 1879, pp. 1, 103, and 921 ; and in vol. ii., 1880, 
p. 957. 

3. We have to thank Dr. Lawrio for kindly submitting to our inspection the kymo- 
graphic tracings of blood-pressure taken by the Hyderabad Commission. These convey an 
idea of the enormous amount of work done by the Commission, — work involving groat expendi- 
ture of time and enorg)^ and demanding high technical skill. We delayed the present 
remarks till we should have the opportunity of examining those tracings, and we have made 
the exam^ation with a view to adjusting our points of difference and bringing out our points 
of agreement. 

* 4. The main point of difference between the Commission and the British Medical 
Association Committee has reference to the action of chloroform on the heart. This will be 
takdn up afterwards ; meanwhile, we may note that in our report wo fully recognised the danger 
from failure of the respiration,— a fact which the Hyderabad Commission has omitted to allude 
to in referring to our report. Thus, in our report we say : Chloroform may oause death in 



dogs either by primarily paralysing the heart or the respiration.” “ In most cases respira- 
tion stops before the heart’s action.” “ The danger of death from stoppage of the respiratory 
functions must bo borne in mind in every case in which ansosthotics are given,” &c. These 
sentences show that we recognised the danger to respiration. At the very beginning of our 
report wo state : “ Without going into detail, wo may say that it soon became apparent to 
us that chloroform administered to dogs and rabbits has a disastrous oftect on the respiratory 
centres; it is easy to kill one of these animals by pushing the chloroform till respiration is 
paralysed. In observing the rate of the heart during these experiments, it could often be 
determined by auscultation that its contractions were maintained after respiration had ceased. 
It was apparent, however, that even when failure of respiration was more directly the cause 
of death, the heart was, to some extent, simultaneously affected ; there were even cases in 
which tho'heart appeared to fail at least as soon, if not before, the breathing.” 

It is evident from this that wo regarded the danger to respiration as a proved and 
indeed a well-recognised fact ; and our special object was to invesiigate the question of how 
far chloroform was dangerous to the heart. The result of our inquiries was to convince us 
that danger to the heart is at least an occasional occurrence, and one to bo kept m mind in 
watching a patient under the influence of chloroform. In summing up, wo put the matter 
thus ; “The chief dangers are (1) sudden stoi)page of the heart ; (2) reduction of the blood- 
pressure ; (3) alteration of the pulse respiration ratio ; and (4) sudden cessation of the respira- 
tion.” In this enumeration we did not intend to place the plienomena in the order of their 
relative frequency or importance, although we admit the sentence might bear this inter- 
pretation were it not taken in connection with the statements quoted above from the beginning 
of the report. The question, then, narrows itself down to this : Does chloroform over kill by 
paralysing the heart ? We assert that it may do so ; the Hyderabad Commission hold that 
it never does so, and that it always kills by paralysing the respiratory centres or, in their own 
words, referring to experiments without recording apparatus ; “ In every case in which 
chloroform was pushed the respiration stopped before the heart.” 

5. Before entering on an examination of the Hyderabad observations, wo may 
reiterate some of the points which our experiments seemed to bring out : — 

(a) We showed that chloroform vapour has a paralysing effect on the muscular tissue 
of the heart and indeed on all kinds of protoplasm, when directly applied. When the heart of 
a frog was exposed to the direct action of chloroform vapour, it “ became rapidly weaker till it 
ceased beating.” As regards the action on the mammalian heart we make the following 
quotation from our report : “ With a similar view, a method was devised for warm-blooded 
animals. Rabbits were first used and afterwards dogs. The animal was anaesthetised, then 
the trachea was opened, a tube introduced, and artificial respiration begun by means of ti 
double acting pump (one cylinder forcing air in and another sucking it out). By an arrange- 
ment of India-rubber tubes, chloroform or any other anaesthetic ^ could be introduced in the 
circuit between the pump and the trachea. It is to be understood that, in these experiments, 
the air passing into the animal’s lungs was saturated with the vapour of the substance used, 
A^ter artificial respiration had been set going, the heart was exposed by an incision in the 
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middle line, which was carried by a pair of blunt scissors or boneforceps through the ensiform 
cartilage and lower part of the sternum. This was effected generally with no serious bleeding. 
It soon became apparent that, when chloroform is given in this way, there is at once a most 
serious effect on the heart- ; the right ventricle almost immediately begins to distend, the 
heaii presently stops, with the right ventricle engorged with blood. The heart has often, in 
the ca^se of rabbits, virtually come to a stand-still within a minute of the introduction of chlo- 
roform by the method described. The contrast was most striking when ether was used instead 
of chloroform, the other j teps in the experiment being the same. Ether may be given 
for an indefinite period without interfering wdth the heart-. We kept up artificial respiration 
with ether in the circuit for an hour, not including twenty minutes occupied in producing 
anaesthesia, and at the end of that time the exposed heart was beating as vigorously as at first.’* 

It mighi. be objected to these experiments that the dilatation of the heart, especially of 
its right cavities, may be due to asph^^xia, but iho fact that the heart is not affected in the 
same way b}- ether as by chloroform, although the other conditions of the experiment are 
precisely i-'milar, meets that objection. 

{/>) During the operation of registering the blood-pressure cither by the mercurial or 
by the spring kymograph, wo observed in several instances, l)oth in rabl)its and in dogs, and 
especially in dogs, oven when the blood-pressure was not very low, a sudden failure of the 
heart’s action. This effect was a common occurrence during the administration of chloroform 
especially in the earlier stages or when the animal vras recovering ; it rarely happened with 
ethidene, and we never observed it with ether. This effect is well seen in the blood-pressure 
tracings from the rabbit, (I and 11/ During deep narcosis, these sudden variations do not 
occur. Wo were quihi aware of iho fact that those effbcis might be hold to be due to a 
reflex mechanism, irritation of sensory nerves of the oilier opcmings of the n^spiratory passages 
stimulating the inhibitory centre of the vagi in the medulla, and thus retarding or even 
arresting the action of the heart. AVliatover may bo the explanation, the fact remains that 
at certain stages in chloroform narcosis there may be sudden falls in blood-pressure due to 
interference with the heart’s action, and no one will deny that this is a serious state of matters. 

(c) W o have seen in more than one instance the blood-pressure of the dog become enor- 
mously reduced, and the pulsations become so infrequent as to be virtually ineffectual while 
respiration continued. A record of this experiment produced the “ Glasgow trace,” as it is 
termed jy the Hyderabiul Commission.f The explanation of this trace is of great importance, 
and on this point we venture to differ from the Hyderabad Commission, as will appear 
further on. 

6. The principal points in which the Hyderabad Commission differ from us are (i) the 
question of how death occurs under the administration of chloroform, whether the danger is 
only of failure of the respiration, or whether there is danger also on the side of the heart ; 

♦ Journal, Vol. II., 1880, p. 000. 

t See Trace A, Journal, Vol. II., 1880, p, 962, which we have hero reproduced. 
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(11) tile explanation of tiie sadden effect on the heart sometimes oocoiring under the inflaenoe 
of chloroform, and observed equally by the Hyderabad Commission and by us, but ascribed by 
the Commission to asphyxia and by us to a peculiar, and apparently caprioious, influence of 
chloroform. 

(i) In the report of the Hyderabad Commission it is stated that chloroform “ causes a 

gradual &11 in the mean blood-pressure As this fall continues the animal first 

becomes insensible, then the respiration gradually ceases, and, lastly, the heart stops.” This 
is regarded as the normal course of events, and imconfirmation of it reference is made to Ex- 
periments 168, 169, and 170. We have carefully examined these tracings, and others of a 
similar character. Like our own tracings, they show that, under the administration of chloro- 
form, the blood-pressure is continually lowered, and that when chloroform is pushed the depres- 
sion is apt to assume what the Hyderabad Commission admit to be a “ dangerous ” degree. 
These tracings seem to us in themselves to show that chloroform when pushed has a disastrous 
effect on the heart as well as on the respiration. 

In most of the experiments two different kinds of tracings wore taken, — one by Ludwig’s 
and another by Fick’s apparatus. The Ludwig curve shows more particularly the blood-pres- 
sure, while the Fick tracing, taken while the Ludwig tracing is suspended, shows specially the 
excursions produced by the individual pulsations of the heart. What we notice, specially in 
169 and 170, is that there is a gradual fall of the blood-pressure, occupying four minutes in 
the one case and five and twhalf in the other. Fick tracings, taken at intervals, show not only 
a reduction of pressure, but a very striking diminution in the force of the pulsations. By the 
time the breathing stops the pressure is reduced almost to zero, and the Fick tracings, taken 
immediately after the cessation of the breathing, show the merest indication of movements in 
the heart, whose pulsations are reduced in number to less than half. So far as the efficiency 
of the heart is concerned in carrying on the circulation, it has virtually ceased to act by the 
time the respiration has stopped, and we are inclined to believe that the inefficiency of the 
circulation may be, at least in part, the cause of the cessation of the respiraton ; this opinion 
being based on the fact that the fall in blood-pressure is so extreme before the respiration stops 
, as to interfere with the proper nutrition of the respiratory centres. 

(ii) In paragraph 30, section (8) of the Hyderabad Beport it is said that “the effect of 
involuntarily holding the breath .... is much more remarkable, the pressure often fall- 
ing with great suddenness while the heart’s action is markedly slowed.” Farther on, in Section 

(12) they say: “ Complete, or almost complete, asphyxia, as by forcibly closing the nose and mouth 
or closing the tracheal tube after tracheotomy, has an effect similar to but more marked than 
that produced by holding the breath, and the character of the tracing corresponds predsely 
to that produced by irritation of the peripheral end of the cut vagus. The pressure falls ex- 
tremely rapidly, sometimes almost to zero, and the heart’s action becomes excessively dow, or 
even stops for a few seconds. If the Fick trace of Experiment 148 be compared with the 
photographic reproduction of Trace A of the Glasgow Committee it will be seen that they are 
identical, and that the slow action of the heart with great fall of pressure, which the Glasgow 
Committee attributed to some capricious action of chloroform upon the heart, was undoubtedly 
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dne to asphyxia,” A number of tracings arS adduced by the Hyderabad Commission in 
confirmation of these statements, and these we have carefully examined, with results different 
from those arrived at by them. 

In the first place, in Experiments 103, 119, and 157, quoted in Note 10 of Lancet 
Beport, we have sudden falls of pressure, and opposite some of these, not all, there is the note 
holding breath ”, Thus, in 103 (Ludwig), between Fick 20 and 21, there is a very sudden 
fall, at the bottom of which is noted “holding breath Again, Trace 119, Fick 2, shows a 
sudden fall, and in the Ludwig trace we have a similar note. It is the same with 157, Fick 2, 
(not Fick 4, as in Report of Commission). But these sudden falls of pressure are not confined 
to occasions when the animal holds its breath. 

An examination of trace 157 is very instructive in this respect. Soon after the com- 
mencement of this tracing there is, as shown in the Ludwig trace, a sudden fall of blood- 
pressure, with the note, “ taking off gag he suddenly held his breath, and pressure fell ”, There 
was then d' slight recovery of pressure, and trace Fick 2 was taken which starts from a low 
pressure, and shows a tracing somewhat like our A. Further on in the tracing comes Fick 4, 
which is very like that of Fick 2, so like that the Commission in their Report have misplaced 
the numbers, but the animal is distinctly noted as “ struggling, but not holding breath ”. It 
is noted, however, that chloroform is being given with the cap closely applied ”. If we add 
to this that in the cases noted the fall of blood-pressure seems to have been almost simultaneous 
with holding the breath, the effect on the heart can hardly be regarded as the result of 
asphyxia, as asphyxia is well known to induce reduction of blood-pressure only after a consider- 
able time. [See further on.) 

Turning to the experiments referred to in Section 12, where the breathing was artn 
ficially internipted, we have been astonished to find that the traces do not bear out the state- 
ment of that paragraph. For example, take Experiment No. 150. The following facts are 
noted in regard to it. (a) Near the beginning of thet race we find that “ holding nose and 
mouth ” produces a distinct fall, not nearly so abrupt or great as in our A, or as in observations 
under “ holding the breath ”. (ft) Again, at 11*55, pressure has greatly fallen under the in- ^ 
fluence of chloroform, which has rendered the animal insensitive, before the nose and mouth 
are stopped ; the fall continues, but not with any approach to the rapidity of those previously 
mentioned under “ holding the breath ”, (c) Further on, at 12* 5-30, after the animal had 
partly recovered, and wl^en chloroform is being given with “ lots of air ”, and with the animal 
“just insensitive, stopping the nose and mouth produces a much more gradual fall than in the 
previous two occasions apparently because the animal is less affected by the chloroform. [£) 
Again, at 12*9-30, the chloroform is pushed with the cap crammed over the nose, but the resp- 
piration is not obstructed, and there is a fall similar to that in ft. {e) Still further on, at Fick 
7, we have “mouth and nose closed ”, but there is scarcely any effect on the blood-pressure and 
very little on the.pulsation, (f) At Fick 10, chloroform having been stopped a while, holding 
mouth and nose produced litfcle effect on the pressure, but distinct slowing of the pube. After 
this the vagi are out, and the experiment need not be followed further. 
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Noo 151 brings out similar facts, namely, that when chloroform is pushed, whether the 
nose and mouth be held or not, the blood-pressure falls, and there is the additional fact that this 
seems to depend very little on the action of the vagi. Thus, soon after the beginning of the 
trace there is the note “ stop nose and mouth ”, which is followed by a slight fall. One minute 
after this the Fick tracing 3 shows groat slowing of the pulse. Then the vagi are cut. Chloro- 
form is given at 3’55, and there is the usual fall, to be followed by a rise when the chloroform 
is stopped. The pressure rises till 3*58, when Fick 4 is taken. After this the nose and mouth 
are again held, but there is little effect on the pressure for more tliiin two minutes, after which 
the fall is somewhat rapid (from Fick 4 to Fick C) till the nose and mouth are again set free. 
This shows the true asphyxia curve, the fall in pressure not occurring for two minutes after the 
respiration was obstructed. 

No. 148 is mentioned as an example of asphyxia by obstructing the nose and mouth, 
and the fracing is described as “ identical ” with our A, IVo recognise a resemblance to our 
trace in the Fick tracings 2 and C, but in these the chloroform is being pushed, and there is 
no obstruction to the respiration. I’he place where there is such obstruction is bei'oft Fick 17, 
At 3*54*.15 we have “asjdiyxia by holding inoutir’, and there is a gradual fall for tlj»‘ee-quartors 
of a minute, when Fick 1 7 is taken. The Fick tracing does not show the fall, and has no 
particular resemblance to onr A, while the Ludwig trace shows that the fall hero is, as in other 
cases of asphyxia, greatly slower than ours, taking three-quarters of a minute to aocomiilish a 
less fall than was attained in ours in about seven seconds, (Note that the drum in our obser- 
vations revolved very much faster than in theirs. The time is given by a chronograph showing 
half-seconds in our Trace 0.) 

We turn now to our own tracings, from the examination of which the Hyderabad Commis- 
sion infers that the suddem fall in blood-pressure is due to asjdiyxia. It has been indicated 
above that the fall in blood-jjr<jssure duo to asphyxia is not sudden, but follows some time 
after the interruption to the respiration. This applies to our tracings ; but besides that, they 
show in their very form that there was hero no asphyxia. In order that our statements may 
be followed wo reproduce the Tracings A and C. 

« 

In Trace A it will be observed that the beginning of the fall is associated with what wo 
take to be a respiratory curve, that is to say, after the fall has begun, as shown by the sudden 
dip, there is a gradual rise with five pulsations of the heart which is clearly "identical with the 
respiratory curves further on in the trace, when the pressure is beginping to rise (see A, con- 
tinued). It is to be noted that this tracing w^as taken at a time when the administration of 
chloroform had been stopped for two minutes. ^ 

If any doubt exists as to Trace A, none can exist as to Trace C. This records an 
observation on the same dog as Trace A, made on the same day after a partial recovery of the 
animal, and it forms a continuation of the same tracing. Two things will be observed in this 
tracing. In the first place, it is definitely noted on the sheet “ Respiration continues ”, 
although the heart is at a standstill. But, in the second place, the curve itself shows that there 
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was no asphyxia. In the second block of 0, there are the most obvious respiratory variations 
in the curve, and these continue right on till the rapid fall sets in. This tracing is so 
important that we may repeat here our original remarks on this observation : 

“ It is to bo roinembered that this animal got chloroform in the usual way, by a cloth 
saturated with the agent being held over his mouth and nose. Ho n^coived no overdose, and 
the administration only lasted seventy seconds. As bearing on at least one mode of death 
under chloroform, the relation of the heart’s action to respiration is of i)articular significance. 
The blood-pressure is enornTously rediiccnl, and the pulsations have become so iiifreciuent as to 
bo virtually ineffectual, yet respiration continues. But respiration stops forty seconds after 
the heart has resumed, the pulsations being still, however, so iiuiffi^ctiial that the pressure is 
oven mhivs. We believe that the legitimate inference to be drawn is that the stoppage of 
respiration was not due directly to the chloroform, Iho inhalation of whi(;h had ceased for 
about forty-eight seconds. It scjcms likely that the failure of the heart in the first instance, 
and the insufficiency of its subse({nent pulsations, were the cause of the failure of' respiration. In 
such a stafe of the circulation, the respiratory centres would i)robabIy b(i insufficiently supj)Iied 
with blood, and* be consequently liable to coasii acting. In this case, if death had occurred, 
it would only a])par(mtly have) been due to the failure of the respiration, the primary failure 
being that of the heart. To what extent this may apply to human cases wo do not venture to 
speculate.” 

7. Wo now come to a very interesting point, namely, that of determining the relative 
effects of a diminished activity of the heart or a diminished activity of respiration in bringing 
about a fatal result. In this connection, the report of the Hyderabad (Commission contains 
many valuable suggestions. We both observed that there is still a fall of pressure after the 
animal had ceased to inhale chloroform. Thus, in the first recorded experiment of the British 
Medical Association (■ommittee, it is noted : “ Chloroform was given, and during deep aiues- 
thesia a canula was introduced into the carotid artery, and connoctcul with the kymograph. 
By the time connection with the kymograph was established, no chloroform had been given 
for about two minutes. On first making the connoction, the pressure n^gistered 1 01 milli- 
metres, which may be regarded as nearly normal ; but now, without any fresh dose, the 
pressure rapidly fell to zero, with a remarkable retardation of the heart.”'^ We quite agree 
with the Hyderabad Commission in the view that “ this after-fall is probably due to absorption 
of a portion of thp residue of chloroform in the air-passages after the stoppage of the inhala- 
tion.” The Hyderabad Commission, howcA er, hold that “ slowing or temporary stoppage of 
the heart in chloroform ^Administration is not dangerous ”, and that the controlling influence 
of the vagus on the heart is a safeguard, and that it is the exhaustion of the nerve which is 
dangerous Their theory is that when the inhibitory action of the 's agus (which is known to 
be intermittent and not continuous) is called into play, the heart doevs not beat so quickly nor 
so stiongly, that less chloroformed blood is transmitted to the respiratory centres, and that 
consequently, these centres are not then in danger oi’ sudden arrest. Further, that if 
the' vagus irritation ceases, or if the vagus becomes exhausted, the heart “ bounds on 
again”, and “ the blood then becomes quickly saturated with chloroform, and an over- 
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dose is at once conveyed to the nerve centres^. This ingenious view has much to support 
it, and we think that much credit is due to the Hyderabad Commission for its sugges- 
tion, as it undoubtedly explains the beneficial action of atropine as an adjunct 'to chloroform 
administration. We would remark, however, that in our opinion the Hyderabad Commis- 
sion attach too much importance to it, and that it does not account for the facts in each case. 
For example, we observed in one case, after stoppage of respiration, while the heart continued 
beating, that respiration was spontaneously resumed ; and we supposed that by the cessation 
of respiration, less chloroform was taken into the blood, so that in jji shirt time the respiratory 
centre recovered. In this case tlie heart was pulsating vigorously after stoppage of respiration, 
but as the chloroform in the air-passages w^as taken up and quickly eliminated and decomposed 
in the blood, the respiratory centres recovered. When, however, they recovered, breathing 
recommenced, more chloroform was introduced, and again there was danger to the respiratory 
centres apd to the heart. Chloroform, no doubt, is taken from the pulmonary air-cells by 
diflPusion, and this will be facilitated by inspiration, possilily by expiration ; at all events, the 
rapidity of absorption will not be the same when the pulmonary aircells are quiescent as 
when they are expanding and contracting in inspiration and expiration. Thus thi^ movements 
of respiration will affect the amount of chloroform absorbed, and if, respiration becomes 
feeble, or even ceases, less chloroform will be taken up and time may be allowed for both the 
respiratory centres and the heart to recover. Thus the number and volume of the respiratory 
movements affect the quantity of chloroform absorbed and the number and volume of the 
heart beats affect the quantity of chloroform sent to the nerve centres. It is clear, therefore, 
that the problem is more comjdicated than as skited by the Hyderabad Commission, and that 
the physiological action will dej)end on so many factors as to make it extremely unlikely that 
the course of events will bo the same in each case. Thus we have (1) the condition of greater 
or less asphyxia, as effected by the quantity of air mixed with the chloroform vapour ; (2) the 
occurrence of any inhibition of the vagus, as affecting the number and volume of the heart 
beats, and thus the amount of chloroform reaching the nervous centres ; the number and 
amplitude of the respiratory movements, as affecting the amount of chloroform absorbed into 
the blood ; ( 4 ) as we hold, the specific action of chloroform on the muscular structure and 
intrinsic nervous mechanism in the heart; and (5) the influence on the vaso-motor centre, as a 
factor in producing the great fall in blood-pressure. We think the’ Hyderabad Commission 
attach too much importance to one common mode of death, failure of the respiratory centres; 
and while we agree generally with their conclusions, which in many respects are similar to 
our own, we consider it unwise and unsafe in practice to pay no attention to the state of the 
circulation, and to observe respiration alone. We also consider it tmwise to convey to the 
public, even through the profession, the notion that the administration of chloroform is a pro- 
ceeding in which there is practically no danger. At the same time, we thankfully Jfdmit that 
the number of deaths following the use of so potent an agent has been remarkably small, even 
in the hands of those who pay little or no attention to the condition of circulation. As a 
matter of common prudence, and especially seeing that when respiration fails we can employ 
artificial moans for its restoration, while if the heart fails, little or nothing can be dond to 
.avert a fatal issue, it is incumbent on every one giving chloroform to watch both the pulse 
and the breathing. 
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It may iiere be noted that our observations are in complete accord with those recorded 
by Drs. Wood and Hare, of the University of Pennsylvania, published in the Medical News of 
February 22nd, 1890, and reprinted in the Pronmial Medical Journal^ April 1st, 1890, The 
results of numerous experimental observ^ations sire embodied in the following paragraph : — 

“ The experiments which wo have given show that chloroform acts as a powerful de- 
pressant poison upon both respiration and circulation, that sometimes the influence is most 
felt at the heart, and death i*osidts from cardiac arrest ; that in other cases the drug paralyses 
primarily the respiratory centres, whilst in other instances it seems to act with equal force 
upon both medulla and heart. So far as jiractical medicine is concerned, it makes little 
diflFerence whether the heart stops before or just afler respiration, so that those cases in which 
cardiac and respiratory arrest are almost simultaneous are, for the purposes of the clinician, 
the same as those in which heart arrest precedes respiratory paralysis. Finally, the general 
results of our new experiments also coincide wuth our previous experience in the laboratory, 
and with what we believe to bo the general belief of physiologists — that cardiac arrest is spe- 
cially prC)ne to pccur when chloroform is administered rapidly and in a concentrated form.’’ 

8. It will probably son=^e a useful purpose, seeing that the points on which wo dis- 
agree with the Hyderabad Commission have been set forth in some detail above, if wo now 
state in a summary form the more important matters bn which wo are agreed, 

(I) We are agreed that death from chloroform occurs by failure of respiration, and that 
this is probably the most frequent mode of death. 

(II) We are agreed that chloroform causes a gradual fall in the blood-pressure as 
registered by kymographic tracings from the carotid artery. This is the normal effect of 
chloroform. 

(III) We are agreed that when chloroform is pushed this gradual fall may be so great 
as to become in itself “ dangerous ”, This is admitted in paragraph (8) of the Hyderabad 
Report, whore they state, that after an animal has been involuntarily holding its breath “ the 
gasping respiration which succeeds then causes very rapid inhalation of chloroform, with 
“immediate insensibility and a rapid fall of blood-pressure, which becomes daii(jerous^\ (The 
italics are ours.) • 

(IV) In addition to this, which we may cull the normal effect of chloroform on the 
heart and blood-pressure, both of us observed peculiarly sudden and unexpected falls of pres- 
sure, wifjh slowing of the heart. We are agreed that this phenomenon occurs, and the 
Hyderabad tracings show that it is frequent. We differ as to the cause of its occurrence, the 
Hyderabad Commission ascribing it to asphyxia, while wo contend that neither in the time of 
its occurrence after holding the breath nor in its general characters does it correspond with 
the fall of pressure due to asphyxia. Whatever be the explanation, the occurrence is in itself 
sufficiently serious, and should not be minimised as forming one of the sources of danger iu 
the administration of chloroform. 
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LEADINQ^ ARTICLE. 

Ty Lancet^ June 21, 1890. 

’ In presenting to oiir readers this week a selection of tracings from those obtained by 
the iSecond Hyderabad Commission, we think it may be well to bring shortly again to their 
notice the facts about this Commission. Its object was an essentially practical one, and could 
not be bettor defined than in the words of His Highness the Nizam himself, “ to save people’s 
lives This object Surgeon-Major Lawrie hoped to «attain by showing experimentally what 
he, in common with his teacher Syme and many others, had found clinically, that attention to 
the respiration was the safeguard against death during chloroform auicsthesia. At his sug- 
gestion, the first Hyderabad Commission was appointed by tlu^ ifizam’s Government, but the 
results \l^ere so different from those obiained by many other experimenters that we hesitated to 
accept them when they were forwarded to us. At Dr. La’svrie's instance a Second Commission 
was appointed, and the Nizam generously forwarded fo us .£1,000, with the request that The 
Lancet would nominate an expert to assist in the investigation, and Dr. Lnuder * Brunton 
kindly acceded to our request to act as our representative. To take up the whole general 
action of ana 3 sthetic.s, although interesting, w'ould liave occupied more time than the Commis- 
sion had at its disposal, and consequently it restricted its experiments to those having a direct 
practical bearing. 

In a subject of such vital interest as the mode of action of anrcsthetics it is important 
that no conclusion should be accepted without the most thorough criticism, and it is with the 
view of enabling our readers to draw their own conclusions from tl.o ex])orinicnts of the Second 
Hyderabad Commission that wo pro'^ont th(im with a selection from the tracings obtained. 
Nearly 000 experiments in all wore ]>erl’ormed by ihis Commission, a})out 150 of them being 
blood-pro.ssiire, and each blood-pn^ssiire, as a rule, involving tliroo or four tracings or more. 
Out of the total number of tracings, ainomiting to 400 or 500, wo now select 32 in order to 
illustrate some of the most important points. 

The facts on which the Commission lay most stress are that when chloroform is given to 
animals by inhalation, in the same way as it is given to patients during operations, the rospi* 
ration invariably stops before the heart, and if the administration of the ansesthotic bo stopped 
and artificial respiration be begun as soon as natural breathing ceases, life can invariably be 
restored. The groat slowing of the heart’s action which has boon observed, more especially 
by the Committee of tho British Medical Association, and which has been regarded as due 
to the action of chloroform, tho Hyderabad Commission regard as due to asphyxia, ** inasmuch 
as they entirely failed to obtain this tracing by giving chloroform with free admixture of air, 
but were able to obtain it at will by simple obstruction of the animal’s respiration. Moreover, 
instead of looking at this slowing of the heart’s action as a cause of danger, the Commission 
regard it rather as a means of safety, preventing the anoesthetic from being carried too rapidly 
from the lungs to the nerve centres. From the observations made by the Commission there 
seems to be little doubt that wliile chloroform given with a free supply of air by inhalation ^ 
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does not paralyse the heart directly, yet that as^yxia mth chloroform is very dangerous^ and . 
generally causes the heart to stop much more quickly than asphyxia alone would do, although 
to this rule there may be exceptions. 

The influence of shock was very fully tested by the Commission, as will be seen from 
Experiments 79 and 185. It was found to be very much less than what might have been 
expected. These experiments are no doubt open to the objection that the operations intended 
to produce shock were not p'Tformed at the time when sudden death from shock is said to b^ 
most likely to occur, at the very beginning of the operation before any ansesthetic had 
been given at all, but were done after the animal had first of all been thoroughly anijesthetised 
and had only partially recovered from the anesthesia. Of this objection the Commission took 
full cognizance, but decided not to perform operations before anesthetics had been given, 
because animals are less liable to shock than man on account of their lower mental develop- 
ment, and the chance of obtaining evidence of shock seemed too small to justify the infliction 
of the pain which would necessarily have been entailed by operating without chloroform. 

In The Lancet of September 21st, 1889, wo indicated that difference of temperature 
might have something to do with the varying results obtained at Hyderabad and elsewhere, 
and the Commission consequently noted the temperature of the room as well as of the animal 
in most of their experiments. The effect of chloroform upon animals with a fatty heart was 
ascertained by administering phosphorus to the animals previously, so that their organs became 
fatty ; but as will be seen from Experiment 79, the effect was less marked than might have 
been anticipated. 

The lamentable case of death from the combined influence of nitrous oxide and tight- 
lacing which occurred in Edinburgh last autumn shortly before the Second Hyderabad Com- 
mission began their work induced them to test the effect of tight-lacing in monkeys subjected 
to the action of chloroform. It will be seen that death occurred rapidly. No doubt this might 
readily have been anticipated, and the Commission no doubt would not have tried the experi- 
ment had not the death of the unfortunate lady shortly before shown that the danger of tight- 
lacing when taking an antosthetic was not sufficiently appreciated. These experiments of the 
Commission have caused much remark by many of our lay contemporaries, who did not seem 
to understand that their object had nothing to do with tight-lacing in general, but simply 
with tight-lacing as afiecting the action of anaesthetics. 

As we have already pointed out, a question of such importance is not likely to bo finally 
settled either by clinical observation alone or experiment upon animals alone ; the two must 
be combined. 

The Experiments of the Second Hyderabad Commission have supplied us with a 
mass of experimental data such as has never been obtained before, and is not likely to be 
obtained again, ai least for many years ; but in order to have this supplemented from the 
clinical side, we issued with The Lancet of March 15th a form of inquiry regarding deaths 
from ansestheticB which we trust that our readers will fill up and return as soon as possible, and 
80 
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that libey also aid as in oar work by obtaiding answers from as many trastworthy penons 
as they can. 

By oombining the experimental and olmical data we trast that we shall be able to set 
finally at rest the vexed qaostion of how death oooars during anaesthesia, and thas “ to save 
people’s lives ”, as the object of the Commission was expressed by the enlightened ruler to 
whose generosity, backed by the public spirit of his ministers, wo owe the establishment of 
the Hyderabad Commission. 

L 

The tracings which we have reproduced were taken by connecting the carotid artery 
of the animal with a mercurial manometer, the float of which ascended and descended with 
every rise or fall in the arterial pressure, and traced upon the slowly-revolving cylinder 
blackened with soot the variations of the pressure upon the arterial system. As tho revo- 
lutions of the cylinder were too slow to allow of tho individual pulse beats being seen, a second 
cylinder was employed which revolved at a speed nearly ten times as great as tho first ; by 
using a wide tube, either limb of which could be shut off or opened at leisure, both mano- 
meters could either bo put into communication at once with tho artery, or a single pne could 
bo connected at a time. Usually only one w^as thus connected ; the general variations of the 
arterial pressure are shown in tho tracing taken by the Ludwig’s or mercurial kymograph, 
termed shortly “ Ludwig ” in the tracings, and tho pulse beats were taken by a Fiok’s kymo- 
graph on the quickly revolving cylinder. These tracings are indicated by tho word “ Fick ” 
in the corner. In the tracings taken by Ludwig’s manometer a straight line will be found 
here and there in place of the usual curve. These lines indicate the points where the Fick’s 
kymograph was connected with tho artery in place of Ludwig’s. Each is numbered, and 
by reference to the corresponding tracings by Fick’s kymograph the character and rate of the 
pulse at any of these periods can be readily ascertained. 


ARTICLE BY Surgeon-Major LAWRIE, 

\^From “ The Lancet^'* June 21st^ 1890.] 

Whatever may be the result of the labours of the Second Hyderabad Chloroform 
Commission, the gratitude of our profession is due to His Highness the Nizam of Hyderabad 
for the opportunity of scientific progress which his unbounded liberality has afibrded. At tho 
time the Commission was appointed, the Pioneer^ the leading journal of India, wrote : “ No- 
thing could show better the beneficent nature of the solid and friendly tie which binds 
together the British and the Nizam’s Governments than the remarkable and cosmopolitan 
interest which His Highness the Nizam and his officials, one and all, have taken in bringing 
tho question of the safety of chloroform to the proof. It redounds to tho honour ^ of the 
Government of India no less than to that of the administration of Sir Asman Jah, that the 
leading Indian State should take a principal share in the settlement of a question ^hioh 
' concerns the welfare and happiness of the whole of mankind.” Since we are in a position to 
show that the researches of the Commission have finally proved the safety of chloroform, it is 
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right to ask that the Nizam and his Minister, Sir Asman Jah, together with the*Minister’e, 
responsible adviser, the Nawab Mushtak Hussain, should receive public recognition as- 
benefactors not only of the human race, but also of the animal kingdom, which, no loss than 
mankind will derive benefit from the advantages chloroform confers in the abolition of pain 
and in the relief of suflPering. 

In considering the work of the Second Hyderabad Chloroform Commission, a very 
brief recapitulation is nocossr ry. Four hundred and thirty animals were killed with chloro- 
form by the Commission’s SulvCommittoe, or wore subjected to experiments as to the effects of 
artificial respiration, with the object of confirming, elaborating, or disproving the work of the 
First Commission, In addition to this, 168 animals were killed by the Commission with 
chloroform and ether, and the effects were recorded by Drs. Lauder Brunton and Bomford 
with Ludwig’s and Fick’s manometers. The Sub-Committee’s experiments confirmed the results 
obtained by the First Commission presided over by Dr. Ilehir ; and in their turn the results 
of the Sub-Committee were confirmed by the experiments undertaken with the self-recording 
apparatus. In qvery case of death from chloroform the respiration stopped before the heart. 
The three series of experiments showed that simple chloroform poisoning causes paralysis of 
the respiratory centre and then gradual death, the heart being the last organ in the body to 
die. The exceptions to the rule that the heart retains its vitality longer than any other part 
of the body wore found in four cases, in which more or loss energetic contractions of the 
diaphragm occurred after the cessation of the heart’s action. In one case the contractions 
took place after the thorax had been laid open, and when the lungs were collapsed. The 
Commission called these movements gasps, but solely for convenience and the want of a better 
term. They were no more respiratory movements than the wagging of the tail and the snap- 
ping of the jaws, which wont on for ton minutes after death in two other cases, were move- 
ments of joy or of mastication. The respiratory is a coordinating centre, but there is no 
reason why any of the muscles should not contract spasmodically from stimuli applied to their 
own proper centres after the respiratory centre is paralysed. The diaphragmatic contractions 
in vomiting and hiccough are not generally considered respiratory movements. 

With reference to the manometer experiments of the Commission, it must be borne in 
inind that the inhalation of chloroform necessarily causes a fall of the blood-pressure. When 
this was first imperfectly demonstrated by the English Commission in 1864 it was erroneously 
thought to be a source of danger ; and the idea was confirmed by the Glasgow Committee in 
1879, which went further and attempted to prove, by means of more accurate apparatus, that 
not only does chloroform cause a fall of the blood-pressure, but that the fall is sometimes 
capricious, and that this constitutes the grave danger in chloroform administration. The 
Commission have shown that the capricious effects which the Glasgow Committee attributed to 
chloroform were produced by accidental asphyxia ; and the fact that the fall of the blood- 
pressure, as indicated in the Glasgow Committee’s tracings, was irregular is now known to 
prove that there must have been irregularity of, or interference with, the respiration, in their 
experiments. How the fall of the blood-pressure is produced by chloroform may be left for 
physiologists to determine, but it must be clearly understood that it is in no sense a dangeri in 
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any case which is fit for an operation, unless it is exoesMve, that is to say, nnle& an OTOi^ose 
of chloroform is inhaled. 

The facts brought out by the manometer experiments of the Commissicn, which can be 
proved from the tracings^ are : 

1. Chloroform, when given continuously by any means which ensures its free dilution 
with air, causes a gradual fall in the mean blood-pressure, provided the animal’s respiration is 
not impeded in any way, and it continues to breathe quietly without struggling or involuntary 
holding of the breath. As this fall continues, the animal first becomes insensible, then the 
respiration gradually ceases, and, lastly, the heart stops beating {vide Experiment 169: Ludwig 
and Fick tracings). If the chloroform is loss diluted the fall is more rapid, but it is always 
gradual so long as the other conditions are maintained ; and, however concentrated the 
chloroform may be, it never causes sudden death from stoppage of the heart.” 

2. Chloroform has no power of increasing the tendency to either shock or syncope 
during operations. Every operation that ingenuity could suggest, or that has over been sup- 
posed to bo dangerous under chloroform, was performed by the Commission in every stage 
of chloroformisation, without any effect upon the heart, the pulse, or the blood-pressure. 

3. The Commission found, however, that struggling during chloroform inhalation, or 

anything which interfered with the breathing in any way, such as holding the breath or asphy- 
xia, produced irregularities in the circulation and in the action of the heart {eido tracings of 
Experiment 148). Even such slight intorforenco as is brought about by forcibly pulling the 
tongue forward had this effect {vide Tracing 185). In fact, pulling the tongue, which is 
constantly done when patients are supposed to be in danger from chloroform, was the only 
proceeding short of direct irritation of the vagus that appeared to produce shock. This would 
have been thought very paradoxical had it not been that previously, when Experiment 65 was 
reached, Dr. Bomford had proposed that the heart should be inhibited by electrical irritation 
of the vagus during chloroform poisoning, as he believed it would prove beneficial by postpon- 
ing or preventing the fatal offects. If Tracings 65 and 117 are examined, it will be seen that 
inhibition of the heart’s action and slowing of the circulation, with rapid fall of pressure, caused 
Ky irritation of the vagus, proved to bo a safeguard, exactly as Dr. Bomford had anticipated, 
rather than a danger. • 

4. Following up the discovery regarding the vagus, the Commission found that an 
effect precisely similar to that caused by electrical stimulation of the vagus is produced through 
the same nerve : (a) in the holding of the breath, which occurs in the early stages of chloro- 
form administration {vide Experiment 148 : Fick I, and II., readings 2, 3, 4, 6, 8, 9, and 11) j 
(fc) in asphyxia {vide Experiment 161: Fick 1, readings 14, 15, 16, and 17 ; and Experiment 
156: Fick I., reading 5) ; and (c) sometimes after the respiratorj^ centre is paralysed in the 
later stages of chloroform poisoning {vide Experiment 148 : Ludwig III., from 4*6 to 4'7 ; 
and Experiment 178, all tracings). The same effect is produced in man by identically the 
oMiie causes, and is what The Lancet of^ March 2nd, 1889, wrote as of primary and 
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secondary syncope It is evidenced by pallor of the face and other symptoms, 'to which 
Mr. Battle ai^ Mr. Hewett referred in their letters to The Lancet of Feb. 22nd and March 
1st, 1890. 

5. The Commission discovered gradually {vide Experiment 148) that it is possible to 
give chloroform in such a way that full anoosthesia is produced, with a gradual fall of blood- 
pressure, unaccompanied by any irregularity of the heart or circulation. The Commission found 
that the way to do this was to ensure natural and regular respiration, without struggling, 
holding the breath, or asphyxia, or any interference with tho breathing. It became evident 
in the course of the experiments that it was difficult, if not impossible, to make any animal 
inhale unduly strong chlorofonn vapour without previously making it hold its breath, asphjrx- 
iatiu^ it, or making it insensible. When an inhaler saturated with chloroform is held too 
cloae to the mouth and nose an animal holds its breath ; and in many animals, especially tho 
ydbbit or tho goat, holding tho breath stimulates the vagus and at once slows tho heart and 

/ retards the circulation. 

6. Tlie ’experiments of tho Commission proved that death from chloroform is invari- 
ably duo to an over-dose ; and the (piestion which next arose was, are there any circum- 
stances which make chloroform inhalation dangerous, and, as it were, open the door i.o an 
overdose, or make the action of the drug appear capricious ? 

7. It is fully demonstrated by the experiments of the Commission that struggling, 
holding the breath, any form of asphyxia, or any kind of interference with the breathing are 
dangerous in chloroform administration. ObvioiSly either comjJete asphyxia or continuous 
holding of the breath, if this were possible, would be sure preventives of poisoning by chloro- 
form ; but tho danger in such conditions is duo i.o tho fact that they must alternate with 
extra vigorous and deep respiration. Struggling makes tho inhalation of chloroform dangerous, 
because it either partially asphyxiates the patient, or alternately does this and accelerates the 
respiration and circulation, so increasing tho amount of chloroform inhaled and hastening the 
rapidity with which tho chloroform is conveyed to the brain and nerve-centres. Holding the 
breath causes asphyxia, and asphyxia produced in this or in any other manner poisons and 
stimulates the respiratory centre, and, on the one hand, makes it extremely obnoxious to 
‘paralysis by chloroform ; while, on the other, it leads to gasping and deep inspirations, by 
which an over-dose is very soon taken in. Tho rapidity of chloroform poisoning when asphyxia 
is produced is much the same as it would be if you threw a man into a pond, and held a chloro- 
form inhaler over his head every time he came to tho surface to take a breath. This is exactly 
what a timid or badly taught operator often does. He measures his chloroform and pours 
it into a p*atent inhaler, which he then applies to the patient’s face. The patient holds his 
breath and becomes deadly pale, while his vagus slows the heart and circulation. Presently 
the p*atient takes a deep gasp, and as soon as the chest begins to move, the chloroformist 
thinks there is no danger afid replaces the inhaler on his face, too probably adding another 
dose of chloroform as he does so. The patient’s natural protective means being exhausted, he 
very quickly absorbs a fatal dose of chloroform, and we are subsequently told that his heart 
failed, that he afterwards gasped two or three times and then died. No care in measuring 
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the chlorofbrm dr diluting it in a mechanical inhaler is any guide whatever to the amount 
of the ansesthetic a patient inhales or absorbs. Moreover, breathing through an ^nhaler is not 
natural breathing. 

8. The Commission has shown that the key to the safe administration of chloroform is 
that the breathing be natural, so as to avoid struggling and any form of respiratory embaiyass- 
ment ; and that it may be so the ansesthetic must be administered in an open cone or cap, 
which is held far enough from the patient’s face to avoid causing hkn to hold his breath or 
struggle, and into which he is at first made to blow after each inspiration, the cap being 
brought nearer to the face, and eventually quite close to it, as the chloroform begins to take 
effect and he breathes regularly. 

The two tracings dated March 6th, 1890, Nos. 3 and 4, Ludwig, show very conveniently 
Jill the points claimed by the Commission. They demonstrate : (a) The gradual fall of 
blood-pressure caused by chloroform inhalation, when the chloroform is properly given, so as 
to entirely avoid struggling or holding the breath, (fcc. (/>) The value of reflex^ winking when 
the eye is touched, as a guide to the state of ansesthesia. When this point is reached, the 
subject may, as a rule, bo said to be ready for operation, and this, it wdll bo soon from the 
tracings, occurs long before the fall of pressure, if this bo regular, reaches a dangerous stage, 
(c) The effects of pushing chloroform till the stoppage of the respiration, the heart being un- 
affected till long after this stage is passed, (ri) The slowing of the circulation and fall of 
blood-pressure caused by irritation of the vagus. No one doubts that the vagus has the same 
action in man as it has in animals. (^') The iffect of electrical irritation of the vagus when the 
respiration has ceased ; and the slowing of the circulation, which retards the conveyance of 
chloroform, to the nerve centres. It is not difficult to understand how slowing of the circula- 
tion necessarily retards the conveyance of chloroform to the medulla. For example, if the 
pulse is sixty, and sixty atoms of chloroform are convoyed to the brain in a minute, only thirty 
atoms a minute will reach the brain (other things being equal) if the pulse is reduced to thirty 
by stimulation of the vagus. Tracings 3 and 4 of the effects of ordinary chloroform inhalation 
are identical up to the point where the respiration ceased. Tracing^ 3 then shows that the 
breathing having entirely ceased, stimulation of the vagus slowed the circulation from eighty- 
six to forty-two a minute and saved the dog’s life. Tracing 4 shows how, after the stoppage 
of the respiration, when artificial respiration was not employed and the vagus jvas not irritated, 
the heart’s action gradually ceased. Both tracings show how useless it would have been to 
have taken the action of the pulse as a guide. When the pulse failed/ as it did at the end of 
Tracing 4, it was a sign of impending death. The two tracings demonstrate that by taking 
the respiration alone as a guide, danger could have been averted, as it alwa}rs can be in the 
human subject under chloroform, if the breathing is carefully kept free. It is remarkable that 
in these two experiments the chloroform was given undesignedly or precisely the same length 
of time, 4*42 minutes. Considered by the light of the worit of the Commission, these 
tracings prove incontestably that the slowing of the heart and circulation through the stimula- 
tion of the vagus is a safeguard in chloroform poisoning. The symptoms — ^pallor and loss of 
pulse— produced in a similar manner in man are none the less signs of the greatest dangOr, 
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os they signify %bat the patient has not been bre&thing properly, or that he has been, asphyxiate 
ed, or that the respiratory centre has been paralysed. They do not indicate, as has hitherto 
been supposed, Vhat chloroform has any direct effect upon the heart ; but whenever they occur, 
at whatever stag^of chloroform administration, they show most unmistakably that it has been 
given in such a way as to interfere with the breathing. 

• The most important point of all in the tracings is to be found in tho invariably gradual 
and regular fall of blood-pressure when chloroform is properly administered. This is shown 
in many of the Commission's experiments, especially from No. 164 to the end (vide 169), 
and in the tracings of March 6th, 1890. In tracings 3 and 4 of March 6th the fall of blood- 
pressure is gradual and perfectly regular, and they demonstrate the only method of chloro- 
form administration compatible with absolute safety. Though fall of ])rossure is inseparable 
from chloroform administration, there is never the least danger if it falls regularly, and if the 
inhalation is stopped directly the state of the cornea shows that the patient is “ under 
Regularity of the blood-pressure depends entirely upon regulariiy of tho respiration. Any 
irregularity, thorefbre, in the fall of blood-pressure during chlorolbrin inhalation indicate 
irregularity of dV interference with the respiration ; and, pev contra^ any irregularity of or 
interference with the respiration at once causes irregularity in tho fall of blood-pressure ; but 
as long as tho respiration is regular and not interfered with, tho fall of the blood-pressure will 
exactly correspond with it, and will cease long lH>fore a dangerous ])oint is reached if the 
inhalation is stopped token the vorniu heeonie insensitive^ or other signs show that the patient is 
‘‘ under If the respiration is kept up without struggling, holding tho breath, or asphyxia, 
chloroform may bo given slowly or quickly, freelj and with perfect confidence, without the 
slightest risk to the patient. 

From tho standpoint of medical education it is a serious misfortune that ether has been 
allowed to displace chloroform in any of our large hospitals. Tho public has a right to de- 
mand that every medical man shall bo able to administer an anaesthetic with safety in any part 
of the world ; and there is no ansesthotic which can ho thus universally employed except chlo- 
rofonn. If ether is used as the solo recognised ana3sthetic in the hospitals attached to our 
medical schools, students cannot learn how to give chloroform ; or if anesthetics are only to 
be administered by specialists, students cannot learn anaesthesia jiractically ; and it is notori- 
*ou 3 that tho advance of other has been accompanied by a decrease in tho employment of 
anaesthetics by the general practitioner, and has limited their usefulness. 

In conclusion, i desire to do justice to the wisdom of my old masters by comparing 
the principles Syme laid down for the safe administration of chloroform, — ])rincipIos which he 
always ssfld ho took from Sir James Simpson, — ^with the physiological proof the Hyderabad 
Commission has succeeded in determining from their experiments. In the lecture to which I 
have so often referred, which was published in The La.ncet of Jan. 20th, 1855, Mr. Syme states ; 
“ The points that we consider of the greatest importance in the administration of chloro- 
form are : first, a free admixture of air with the vapour of chloroform ; secondly, wo do not 
stint tho quantity of the chloroform ; then, and this is most important, we are guided as to the 
effects, not by the circulation, but entirely by the respiration. Wo also always give chlorq- 
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fbim in the horizontal position^ taking care that there is no article of clothing bonstrioting the 
neck, and m never continue beyond the point when the patient ie fully under the infiumoe of the 
anceethetie” 

* 

The Commission has demonstrated that the aim of the surgeon must be to give chloro- 
form so that the blood-pressure should fall regularly throughout the whole administration, and 
that the blood-pressure can only be kept free from irregularities by absolute regularity 8f the 
breathing. The chloroform must therefore be inhaled in such a way that the breathing 
is natural and regular throughout. Peeling the pulse during chloroform Inhalation is no guide 
whatever either to the blood-pressure or to the one thing necessary for safety, which is 
to keep it regular ; and it has been shown above that the pulse is of no value as a sign of 
approaching danger, since it is only aflectod dangerously (a) when the respiration has been inter- 
fered with or (6) by an overdose. Lastly, in order to keep the breathing l egular, the whole of 
the administrator’s attention must be concentrated upon this point alone ; and it is therefore 
clear that if, as is now recommended in most of the text-books, part of the chloroformist’s atten- 
tion is to be given to the pulse, an important element of danger comes into the administration. 

We can no longer contend, with regard to chloroform, that the results of clinical ex- 
perience and of experimental research do not agree. The investigations of the Hyderabad 
Commission have brought to light a strikingly precise and complete agreement between both. 
I have stated in The Lakcet of April 5th, 1890, that the late Mr. Syme’s and my own form 
a continuous series amounting to more than 45,000 cases of almost daily (and often several 
times a day) chloroform administi’ation, ext<i^ding from 1847 to 1890, in which the respiration 
alone was taken as a guide, without one death resulting. Mr. Roger Williams has proved in 
The Lancet of February 8th, 1890, from the statistics of one of the largest hospitals in 
London, (which, he says, may be accepted as reliable averages of all the London hospitals), 
in which the pulse is taken us a guide, and is carefully watched as well as the respiration that 
the deaths amount to one in every 1,236 administrations. We thus see that in a long series of 
45,000 cases, extending over 40 years, in which the chloroformist’s attention was concentrated 
on the respiration alone, and in which the chloroformists were students, there were no deaths 
at all ; while in another series of 12,368 cases, in which a part of the chloroformist's attention 
was devoted to the pulse, and in which the chloroformists were specialists (ansestbetists), there 
were no less than 10 deaths, — a fraction over one in every 1,250 administrations. These clinical 
results correspond with the conclusions arrived at by the Hyderabad Comhiission, and are 
sufficient to show what a tremendous difference to the patient the mere method of administra- 
tion may make. One of the London journals, the St. Jameses Gazette^ recently published an 
article on the question “ Is Chloroform Safe and answered it by saying, It depends upon 
who gives it,” We now know that it does indeed depend upon who gives it, but we also 
know that any intelligent third or fourth year’s medical student may be trained to give it 
safely, so as to do good without the risk of evil. 

I think I have shown that the Hyderabad Commission has proved Syme’s principles 
to be true. The ratioimle of the proof and the keystone to the work of the Second Com- 
mission is to be found in the discovery of the safeguard action of the vagus nerve, and in tfao 
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thorough comprehension of the significance of this fact. As soon as this was demonstrated, 
it became clear that chloroform and shock were not associates but incompatibles, and that 
the supposed capricious action of chloroform ujion the heart was duo either to the stimulating 
oflFect of concentrated vapour upon the nervous system, or to the effect of asphyxial blood upon 
the nerve centres, resulting in the exclusion of the poison from the system, and not the direct 
effect of the absorbed poison upon the heart or its nerves. 


APPENDIX TO AliTICLE IN THE LANCET OP JUNE 21st, 181)0, 

BY Surgeon-Major LAWRIE. 

The above paper was written before the Glasgow Committee’s criticism appeared in 
the British Medical Journal of the 14th instant. 1 lose no time in exposing the Committee’s 
fallacies, as I am obliged shortly to return to India. 

The first point to notice in the Glasgow Committee’s remarks is their reference to the 
paralysing effect of chloroform vapour on the muscular tissue of the heart. “ Chloroform 
vai)our has a paralysing effect ujion the muscular tissue of the heart, and indeed upon all kinds 
of protoplasm when directly applied. When the heart of a frog is exposed to the direct action 
of chloroform vapour ‘ it became rapidly weaker till it ceased beating.’ ” The accuracy of this 
point may be conceded as far as it goes. It is only necessary to supplement it by stating 
that this paralysing effect is never sudden, but always gradual. As regards the action on the 
mammalian heart,” the Glasgow Committee performed artificial respiration by pumping air 
saturated with chloroform into the lungs of rabbits and dogs through an opening in the trachea, 
“ It soon became apparent that when chloroform is given in this way there is at once a most 
serious effect upon the heart ; the right ventricle almost hnmediatehj hegins to disteml ; the heart 
presently stops, with the right ventricle engorged with blood.” It is evident from this descrip- 
tion that the serious effect upon the heart is not caused in the heart itself. The distension of the 
right ventricle must mean damage to the circulation through the lungs. It is the first effect 
of stasis in the lungs. Sir Joseph Lister has shown [vide Professor Roy’s paper in the Journal 
of Physiology^ 1871), vol. ii., p. 323) that when chloroform is applied directly to the web of 
a frog’s foot stasis immediately takes place ; and the same effect is undoubtedly produced in 
the same maainer in the lungs and is sufficient to account for the ventricular engorgement 
which the Committee observed when they pumped air saturated with chloroform into the lungs 
of the rabbit. It^is incorrect to imply that driving chloroform into the lungs brings it into 
direct contact with the heart, or that the process of pumping in the chloroformed air elimi- 
nates respiration from the inquiry.* If respiration is not to be taken into consideration iu'this 
way of giving chloroform, we should first require to have it proved that the air driven into the 
lungs is sufficient, or sufficiently free from poison, to keep up the respiratory function 
independently of the action of the^ chloroform. Air saturated with chloroform cannot do this. 
In any case, the fact stated by the Committee— that the right ventricle was first affected by 
distension in their experiment — ^is proof that it was due to something outside the heart, and not 
to any'direct action upon the heart itself. 

[ * In Experiment 61 there are two observations of chloroform administration in which respiration as a factor is 
eliminated^ Fick 11 and 17.] 
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Thd Glasgow Committee ask ns to believe that, when air saturated 4rith ether was 
pumped into a rabbit’s lungs, “ twenty minutes were occupied in producing anmihesia^\ and that 
it “ may be given for an indefinite period without interfering with the heari/^. At the end 
of an hour’s pumping “ the heart was beating as vigorously as at first It is contrary to all 
experience that twenty minutes should bo occupied in anaesthetising a rabbit by means of air 
saturated with ether pumped into the lungs. The Hyderabad Commission made many experi- 
ments with ether, from among which I have selected two as examples of its effect. In the first 
manometer No. 106, a pariah dog weighing 25 lb., the tracing of which wdll be published as 
soon as possible, the administration of ether on a saturated sponge in a fairly close-fitting cap 
was commenced at 9h. 46m. 10s, on Nov. 21st, 1889. The blood-pressure rose immediately. 
It began to fall again at 9h. 46m. 30s., and continued to do so till death. At 9h. 47m. the 
cornea was insensitive. At 9h. 48m. 40s. there was rattling in the trachea. At 9h. .50m. 
30 b. the respiration was slow and shallow, and it stopped at 9li. 51m. At 9h. 52m. 30s. the 
pulse became imperceptible ; artificial respiration was kept uj), and the dog’s body was invert- 
ed until 9h. 57m. The thorax was then oi)ened, and the dog was found to be dead. The 
artery was cut and the pressure fell to zero. The whole experiment lasted ten minutes and 
fifty seconds, and any one who chooses to examine the .tracing can venfy this do^scription of 
what occurred. The second experiment took place on Nov. 26th, 1889, on two monkeys w^eigh- 
ing 4 lbs. each. Nos. 129 and 130. In the first monkey, a measured quantity of chloroform was 
pumped into the lungs through an opening in the trachea by artificial respiration, much in 
the manner described by the Glasgow Committee, The inhalation was begun at 4h, 2m. 37s. 
lOcc. of chloroform were used in divided doses, and the heart stopped at 4h. 10m. 55s. 
The other monkey had ether in the same way. The inhalation was commenced at 4h, 2m. 
24s. 15cc. of other in divided doses were employed, and the heart stoppc^d at 4h, 12m. 20s. 
In the chloroform experiment lOcc, of chloroform freely diluted with air killed a monkey in 
eight minutes and eighteen seconds. In the other experiment 15cc. of ether freely diluted 
with air killed a similar monkey in nine minutes and fifty-six seconds. The difference corre- 
sponds with the recognised difference in the strength of the two anajsthetics in the ordinary 
practice of surgery. AVith reference to the Committee’s statement that the heart was beating 
as vigorously at the end of an hour as at first, wo are not told whether there was any natural 
respiration when the ether administration was stopped, or even whether the animal was alive ; 
and in the absence of reliable information on these points we cannot consider this experiment 
trustworthy. Either the other which the Committee employed had lost its .strength, or else 
the Committee fell into the error of supposing that because the heart was still boating the 
ether had not interfered with its action. 

The same vigorous action of the heart after prolonged anaesthesia, brought forward by 
the Committee in favour of ether, recently came under my notice with chloroform. On^May 
28th, 1890, air saturated with chloroform was administered to a rabbit in my presence, in 
precisely the same way as that described by the QLsgow Committee. The administration 
was begun at 12h. 59m. 40s. At Ih. Om. 208. the inhalation was stopped. There was ‘no 
return of natural breathing, and the blood-pressure had fallen nearly to zero. Artificial 
rei^dration was commenced at Ih. Om. BOs., and continued till Ih. 5m. 5s., when the artery 
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was cut and the rabbit was thrown aside dead/ Tlie thorax was opened at Ih, 5nv 50s., and 
the heart was seen by several competent observers “ beating vigorously and rhythmically 
At 111. 15m., it is noted, “ heart still beating rhythmically ; auricles and ventricles both 
contracting strongly, but the action of the ventricle is intermittent ”. At 2h. 5m., one hour 
after death, the auricles were rhythmically beating ; the ventricles were still. This continued 
till 3 o’clock, two hours after death, after which no more notes were taken. In the face of 
these ‘facts we cannot accept the vague statements of experiments which the Glasgow Com- 
mittee firstjirought forward in 1879, and have repeated without confirmation in 1890, 

The next part of the Glasgow Committee’s paper deals with the manometer experiments 
of the Commission. J may observe that in all the manometer experiments of the Commission 
every event which is marked in the Ludwig tracings was written on the tracings, as the drum 
revolved, at the time it actually occurred. The Cominittoo says : — In the first place, in 
Experiments 103, 119, and 157 we have sudden falls of pressure, and opposite some of those, 
not all, there is the note, ‘ holding breath’. But these sudden falls of pressure are not con- 
fined to occasions when the animal held its breath.” 

This must mean, if it has any meaning at all, that some of the sudden falls of pressure 
in tracings 103, 119, and 157 (which will shortly be published) are not accounted for, and 
are duo to some efiect on the heart which the Commission overlooked. As a matter of fact, 
all the sudden falls of j)ressure in the three tracings were due (1) to holding the breath ; 
(2) to struggling, which interferes with respiration ; (3) to asphyxia ; or (4) to electrical 
stimulation of the vagus. This is clearly stated on the tracings, and the Glasgow Committeo 
ought not to have endeavoured to make a point by omitting to say so, in describing the 
inferences which they think may be drawn from any of these sudden falls. 

The Committee proceed : “ Turning to experiments referred to in section 12,* where 
the breathing was artificially interrupted, we have boon astonished to find that the traces do 
not bear out the statements of that paragniph.” It is impossible in this short abstract to 
follow the Glasgow Committeo through the quotations which are put forward as “ iacts” to 
substantiate the assertion tliat the tracings do not bear out the statements in section 12. 
The complete report — with the whole of the tracings taken by the Commission — will shortly 
bo published, and an examination of those tracings which the Glasgow Committee refer to 
will show that their assertion is inaccurate. One example of their inaccuracy must suffice. 
The Committee states “ at Tick 7 (Experiment 150) wo have ‘ mouth closed,’ but there is 
scarcely any effect on the blood -pressure, and very little on the pulsation.” It is distinctly 
shown on ihe Ludwig tracing that Fick 7 began at 12h. 17m. 12s. and ended at 12h. 17m. 40s, 


• Section 12 is as follows : — Complete, or almost complete, asphyxia, as by forcibly closing the nose and mouth, or closing 
the tracheal tube after tracheotomy has an effect similar to, but more marked than, that produced by holding the breath, 
and the character of the trace correspords precisely to that produced by irritation of the peripheral end of the cut vagus. The 
press’ire falls extremely rapidly, sometimcB almost to zero, and the heart’s action becomes excessively slow or, even stops for a 
few secondt'. If the Fick trace of Experiment 148 he compared with the photogKiphic reproduction of trace A of the Glasgow 
Committee, it will he seen that they are identical, and that the slow action of the heart with great fall of pressure, which 
the Glasgow Committee attributed to some capricious action of chloroform upon the heart, was undoubtedly due to asphyxia* 
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The month and nose were not closed till 12hf 17m. 35 b.— ' just five seconds before the end 
of, and therefore too late to produce any marked eifect in, the Fick reading. But the 
effect is well shown in the continuation of the observation on the Ludwig myiometer. The 
Glasgow Committee have had every possible opportunity of examining the tmginal tracings, 
and an inaccurate quotation such as that which I have called attention to is no less misleading 
than it is, from a scientific point of view, indefensible. 

e 

I make no comment on the comparison of the Commission’s Experiment 148 with 
the Glasgow trace. All the tracings of Experiment 148 are published above, and anybody 
can form his own opinion about them, and about the Committee’s observations on them. 

The Committee next confuse the fall of pressure due to ordinary chloroform inhalation 
with the fall due to interference with the respiration. The Hyderabad Commission have 
stated that the fall of pressure and slowing of the pulse, from either involuntary holding of the 
breath or from asphyxia in chloroform inhalation, are due to vagus stimulation, reflex or 
direct. The Commission has given no opinion as to the cause of the fall produced bjr diluted 
chloroform alone. It is obvious, from all their experiments, that the eftcets of chloroform 
are first exerted upon the neiwous tissues, the vaso-motor centre is very soon involved, the 
respiratory centre becomes paralysed, then the miiscular tissues become affected, and last of 
all the heart. The fall of blood-pressure becomes dangerous if pushed to the point of paralysis 
of the respiratory centre. After this point is passed, if the poisoning with chloroform still 
continues, the fall becomes much more rapidly dangerous; tlie nutrition of the heart is 
profoundly interfered with, and the deprivation of oxygon produced by the paralysis of the 
respiratory centre causes it to gradually cease to act. The Glasgow Committee contend that 
“ when chloroform is pushed, whether the mouth and nose be hold or not, the blood-pressure falls, 
and there is the additional fact that this seems to depend very little on ihe action of the vagi 
In support of this contention — which the Hyderabad Commission do not altogether dispute — ^tho 
Committee quote from Fick readings 3 and 6 of Experiment 151. But Fick 3 of No. 151 is 
a reading during simple smothering, the vagi being infcict. The effect of the smothering is to 
almost immediately lower the pressure about 25 millimetres, and to slow the pulse from 72 to 
31 per minute at the same time. After the vagi are cut, when asphyxia is again produced by 
smothering (vid^ Fick 6), the effect is to accelerate the pulse to 105 per minute, while the 
pressure only falls about 5 millimetres. This difference is most assuredly due to the division 
of the vagi, and yet the Committee assert that the slight fall with rapid pulse in Fick 6 is 
“ t/ie tTV£ asphyxia curve ”, and depends ‘‘ very little on the action of the vagi ”. In this con- 
nection, it may be well to notice what the Galasgow Committee have to say with regard to 
atropine. The Committee refer to the Hyderabad Commission’s discovery of the^ safeguard 
action of the vagus, in chloroform poisoning, and remark that when the inhibitory action of 
the vagus is brought into play less chloroform is conveyed to the nerve centres ; and, further, 
if vagus irritation ceases, or the nerve becomes exhausted, the heart “ bounds on again, and 
the blood then becomes very quickly saturated with chloroform, and an overdose is at once 
conveyed to the nerve centres ”. The Committee continue : “ This ingenious view has much 
to support it ”, and “ it undoubtedly explains the beneficial action of atropine as an adjunct to 
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chloroform administration. The action of atropine is to paralyse the vagus and produce the 
same dangerous condition as when the nerve is exhausted. If the Committee regard the 
effect of atropine as beneficial tliey must intend to convey that the inhibitory action of 
the vagus is sv ganger in chloroform administration when atropine is not used, Le,^ that 
the normal action of a healthy nerve is dangerous to life. The greatest living physio- 
logists are agreed that the inhiliitory action of a nerve like the vagus is not a danger 
to thS organ inhibited, and the Hyderabad Commission goes a step further and shows 
that it may be a safeguard to the organism in poisoning by an annesthetic. If the views of 
the Glasgow Committee are right, then a patient is in much less danger with the pulse at 105, 
carrying 105 atoms of chloroform to tlio medulla in a minute, than he is when the pulse is 31 
and only 31 atoms of chloroform are being conveyed to the medulla in a minute. This is 
manifestly an absurdity. In actual praci.ic(^ the amount of atroj^ine employed as an adjunct to 
chloroform administration would probably bo so small as to be immaterial ; but, if it produces 
any effect at all, it must be to do more harm than good. 

The Glasgow Committee’s tracings have boon reproduced in the Bniish Medical 
Journal. They 'are given above for the sake of comparison with tracings 118 and others of the 
Hyderabad Commission. The Committee state that in the exporiinmit which furnished Tracing 
the chloroform was adminisiered by a cloth saturated with ihe agent being held over the 
mouth and nose.’’ This exactly boars out the conclusion of the Commission. The animal got 
chloroform with insufficient air, aud the ‘ Glasgow trace which the Hyderabad Commission 
produced over and over again in their experiments, was due to the stimulation of the nerve 
centres with asphyxial blood. It only remains to add that the Glasgow Committee’s remarks 
on the condition of an animal whoso pressure is “ minus ” require explanation. As they stand, 
it looks as if the Committee were describing the existence of pulse and respiration curves, as, 
indecwl, they are represented in Trace C, below the basement or true zero line, the line of no 
pressure, which is, of course, an impossibility. The animal in Trace C w\as never in any danger 
except from the improper manner in which the chloroform was administered to it. It did not 
die ; and the Committee’s argument about the danger of chloroform to the hoai’t., which is 
based upon the faulty tracing, has its foundation, not in physiology, but solely in imagination, 

9 

In' their practical conclusions the Glasgow Committee say : “ We think the Hyderabad 
Commission attach too much importance to one common mode of death— -failure of the respira- 
tory centres ; and while we agree generally with their conclusions, which in many respects are 
similar to our own, we cgnsider it unwise and unsafe in practice to pay no attention to the state 
of the circulation, and to obsen^o respiration alone. We also consider it unwise to convoy to 
the public^ even through the profession, the notion that the administration of chloroform is a 
proceeding in which there is practically no danger.” The statistics I have given elsewhere 
prove. the great danger in chloroform administration of dividing the attention between the 
respiration and the circulation. For this danger the report of the Glasgow Committee in 
must be held to be very largely responsible. The Committee now argue as if it were 
wise to keep up the unfoimded dread of chloroform the public have acquired, so that .whenever 
an operation is about to be performed under chloroform the patient is nearly frightened to 
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death beforehand, not by the operation itself but by terror of the effect of .the anseethetic. 
The Committee state finally : “As a matter of common prudence, and especially seeing that 
when respiration fails wo can employ artificial means for its restoration, whUe if the heart 
fails, little or nothing can ho done to avert a fatal issue, it is incumbent on ^very one giving 
chloroform to watch both the pulse and the breathing.” If this statement is to be acted uponj 
it is incumbent on every one giving chloroform to watch the pulse for heart failure, in spite of 
the fact recorded by the Committee themselves, that “ if the heart fails, little or nothing Can bo 
done to avert a fatal issue.” No teaching could possibly be more dangerous. Without deny- 
ing that there may bo conditions of the heart in which failure and death may occur in some 
of the processes connected with chloroform administration, just as a man with a certain 
condition of heart may die of heart failure from running to catch a railway train, the Hyder- 
abad Commission has shown that sudden death from stoppage of the heart is not a risk of 
chloroform itself. If the surgeon is to have constantly before his mind the fear of the sudden 
death of *his patient by stoppage of the heart from the mere action of chloroform, and is to 
carefully watch the pulse for signs which can only have a fatal issue, it is a physical impossi- 
bility for him to concentrate his attention on the warnings given by the respiration, Jby which 
alone danger can invariably be averted. The teaching of the Glasgow Confmittee is wrong, 
and if it is followed deaths with chloroform will bo as inevitable in the future as they have 
been under the same circumstances in the past. 


LETTER FROM Dr. R. M. WHITTINGTON LOWK, m.d. 

To THE Editors of “ The Lancet 

Sirs, — I have read with much interest and pleasure the paper by Surgeon-Major 
Lawrie in your last issue, and only on one point do I venture to point out what appears to me 
to be an injustice to the teaching of our groat master, Sir James Y. Simpson, Surgeon-Major 
Lawrie very properly tells us how^ Professor S\une used to insist on wTitching the respiration 
and taking that as the guide in th(i administration of chloroform ; *but Sir James Simpson 
was strong on this point as early as 1847, that is to say, very soon after ho began to use 
chloroform. The Hyderabad Commission, generously conceived as it was, and ably carried out 
as it has been, has, nevertheless, done little more than to impress on the world at large what 
we have been taught at Edinburgh University since Simpson introduced chloroform some fifty 
years ajgo. Yet how slow has been the spread of that teaching. When did wo ever see a 
stethoscope used in examination before the administration of chloroform ? When did we ever 
see an inhaler, except those on Simpson’s lecture table ? — for which he had an affectionate 
regard as valuable antiques. AVhen have wo seen the chloroform measured out drachm by 
drachm ? Does not all this go to show that wo were correctly taught to judge by the respira^ 
tion and the effects of the chloroform and not by any rule of thumb as to the condition of 'the 
heart and pulse or quantity given of chloroform ? It has often occurred to me that supposing 
one had a case of sudden death while a patient was under the influence of oliloroform (not 
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necessarily the insult of the ansesthetic — see Simpson on Ansosthesia) here in England, probably 
the first question of the coroner would be “ How much chloroform was administered ? ” and how 
supremely ignC'^ant and careless one would be considered if the answer given was “ I have no 
idea ”, yet it would be a proper reply to a foolish question. This is a point deserving attention. 
As regards disease of the heart., Simpson says : “ Valvular diseases are those which are most 
generally considered .and insisted on as contra-indicating the use of chlorofonn. But tins is 
really not the case, for that agent may bo employed without the least d.anger in any valvular 
disease except, perhaps, disease of the mitral valve . . . There is, pcrlmps, no necessity for 

this dread after .ill.” (Simpson’s “ Aincsthesia,” p. 182.) No one can cherish a more grateful 
remembrance of the teaching and pc'rson.al kindness of Professor Syme than I do, but it was 
Simpson who taught us, first, tliat chloroform should bo pure ; secondly, that in administering 
it there should be a free dilution of tlu^ vapour with atmospheric air ; thirdly, not to use an 
inhaler ; fourthly, to w’atcli the respiration and beware of stertor ; and, fifthly, not to think 
about the quantity but the effects of the chloroform. 

• * I am, Sirs, yours truly, 

Brighton, June 24th,, 181)0. R. WHITTINGTON LOWE, m.d. 

LETTER FROM SuRaEON TI. CHESTER NANCE. 

To THE Editors of ^‘The Lancet”. 

Sirs, — I can emphatically endorse all you say in your admirable .annotation of May 3rd 
that “ the ever-recurring paragniphs detailing death while ujidor chloroform too often escape 
due notice ”. During an experience as house surgeon extending over nine years in this and 
other hospitals it has fallen to my duty to administer aniesthetics constantly. .As I take the 
deepest interest in the subject, I hope, I may bo excused for writing to you on it. It is 
surprising to me how any one can advocate chloroform in ])reforence to ether. The number of 
deaths from chloroform recorded in llw Lancet and British Medical Journal during the last 
three years i§ as follow^s : Sixteen in 1887, twelve in 1888, and thirteen in 1889. In the 
S'ame period the same journals only record three deaths from ether, and but one from nitrous 
oxide. Again, in,a report published in l^aris, mentioned in your issue of April 12th, accidents 
due to chloroform are 1 in 1,236, whereas those from ether are but 1 in 12,581 cases. These 
’ facts surely speak for thefnselvos. 

In The Lancet of Oct. 19th, 1889, under the heading ‘‘ De.aths under Chloroform ”, 
you describe two deaths, — one in a child four years old. When resident medical officer at 
Pendlebury I administered ether to children from six years upwards, and caq testify to its 
safety for them^ and in the * hospital here I have administered it to old men up to eighty in 
long cases of litholapaxy, and to men of eighty-two in strangulated hernia. I am told by 
the staff here that at no period of its history has a death been recorded from an ansesthetic. 
Ether is always used, unless contra-indicated. The chief reason why chloroform is given is 
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because ether is far more difficult to admi&istor than chloroform. If ether is to be given 
with satisfaction it requires an inhaler, and special instruction in the use of it. But ether 
always gives warning of danger, whore^^s under chloroform there may b^ '•sudden death. 
One point I would strongly urge is always to have a sufficient variety 'of ana3sthetics on 
a table at hand, chloroform, other, A.C.E., cocaine. Latterly I have added Messrs, 
Bartts’ improved Clover’s gas and ether inhaler. No one can predict with certainty 
which anesthetic the patient will take best. I have had cases (generally alcoholic patients), 
where ether caused struggling and great excitement, but ufl-er Clover’s inhaler had been 
changed for Ormsby’s, with A.C.E., the patient quietly and quickly went under ; in such 
eases chloroform should never be fjicen. It is a pity that A.C.E. is not more generally used ; 
for when ether fails to stimulate it is most valuable, as in ovariotomies and such like 
protracted cases. 

Tn reference to^ inhalers, I am sure none can comp.'iro with Clover’s for ether ; with 
it the exact percentage required can be given. Ormsby’s is the best for A.(1E. mixture, 
Messrs. Bartts have lately made a hinged cap for me, whereby the mixture can bo poured 
on to the sponge without, removing the cap, for small quantities constantly put in are 
preferable to a large amount. Caution is needed in using the inhaler, for the alcohol and 
ether volatilise more rapidly than the denser vapour of chloroform. For chloroform admin- 
istration nothing is better than a double piece of lint, whereby plenty of atmospheric air 
can be given. 1 have noticed five deaths wdiere metal inhalers have been used, 1 have 
witnessed several deaths from chloroform, though 1 am thankful to say that none have occur- 
red in my own practice, and I am convinced that they were due to an overdose and not due to 
shock from too little being given ; and I would hero draw attention to Dr. Hewett’s admirable 
letter in your issue of March 1st, wherein he mentions a case of syncope arising from deep 
chloroform narcosis, w^here he went on with ether for the remainder of the operation. Surgeons 
now-a-days expect too much from anaesthetics. Profound antesthesia cannot be maintained for 
IJ or 2 hours without great danger occasionally, and there are many cases where it suffices to 
keep the patient on the verge of returning consciousness, sequestrotomies and similar 
tedious but not delicate operations. 

I would conclude by saying that other should bo always given between the ages of 
sixteen and sixty, except there is some good reason to the contrary, such as pulmonary, renal 
or arterial disease. Never, upon awy consideration whatever^ should chloroform be given for 
dental cases. It is always dangerous in the sitting posture for anything. I must apologise 
for taking up so much of your valuable space, but my excuse must be the immense importance . 
of the subject and the alarming mortality of chloroform. 

I am. Sirs, your obedient servant, 

H. CHESTER NANCE, 

Norwich and Norfolk Hospital, ^ House Surgeon. 

Norwich, June 9th, 1890. • 

^ - * * Vid€ The Lancet^ vol. ii., p. 1220, 1S88. Dr. Squire’s commanicatiou on his giving ether for Diston in 1846, and 

his first inhaler. 
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‘ LETTER FROM Db. W*i. HORROOKS, p.b.c.s. 

To THE Editors of “The Lancet.” 

Sirs,— 'Tha subject of ansosthetics is of such impoitanco to surgeons that every detail 
in its administration must be criticised and discussed as thoroughly as possible. In your last 
issue Mr. Nance in a very practical letter writes, among other things of the use of Clovers’ 
inhaler. My own experience, after five years of surgical hospital residence, leads me to 
think unfavourably of that form of inhaler. In producing anaesthesia with it, the patient 
breathes and rebreathes his own exhaled air. Even if the air in the bag is constantly 
changed one frequently notices the marked cyanosis of the patient, denoting carbonic acid 
asphyxia as well as etherisation. This has been very forcibly impressed on mo lately by a case 
of operation for intestinal obstruction, whore the other was given in a Clover’s inhaler, with 
a free admixture of air. Towards .the end of the operation there was marked cyanosis, and 
after partially recovering the patient died. It is but fair to state that the patient was sixty- 
three years of age, that the anajsthosia lasted rather over an hour, and that the pulse before 
the operation, although fair, was somewhat irregular. Allowing for all these factors, the 
opinion of the anaesthetist that the constructive fault of the inhaler contributed in no slight 
degree in causing death was concurred in by those present at the operation. 

I am, Sirs, faithfully yours, 

Wm. HORROOKS, f.R.c.s. 

Bradford, July 7th, 1890. 

LETTER FROM Du. C. RUATA. 

To THE Editors of “The Lancet.” 

Sirs, — ^I have read with great interest the Report of the Second Hyderabad Chloro- 
form Commission, published in Tim Lamet of June 21st last, the more so as their results agree 
with those which I obtained after a long series of experiments which I performed during the 
years 1885-80, with the object of ascertaining the “ influence of anaesthetics on the respiration.” 
The manner of experimenting which I adopted was mainly as follows. A canula is connected 
by elastic tubes at one end with a bottle containing pieces of sponge saturated with the 
ansesthetics, at the bottom of which is inserted a tube for pumping the air from without ; the 
other end of the canula is attached to a second canula, inserted into the trachea, and fastened 
to it. The main canula has two tubes springing from it, one communicating with the air 
and the other with a style which writes on a revolving drum. The mouth of the tube com- 
municating with the anaesthetic has a valve which opens during inspiration and is shut during 
expiration ; the tube communicating with the air has a valve which opens during expiration 
and remains shut during inspiration. This arrangement allows the air passing through the 
sponge charged vdth the anaesthetic to enter the lungs, and does not permit the air expired 
to enter the bottle containing the anaesthetic. 

I enclose two pamphlets, which 1 published in 1886, in which you may see some selec- 
tions from the different tracings I obtained. The conclusions 1 arrived at by this mode of 
82 
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ezperimeixiing mO) «l}ier and cblorofom and iJia follo^riog {—(1) That by administering the 
two ansesthetios in the manner explained, when death ensues, it is always caused by arrest 
firstly of the respiration, and aftenoards of the heart. (2) That in all the hnimals experi- 
mented upon (rabbits, oats, and dogs) chloroform acts most powerfully on the respiration, 
stepping it most surely if, after the animal is completely anaesthetised, the anaesthetic is 
otmtinued for some time. (8) That ether stops the respiration in frogs, rabbits, and cats, but 
its ^ects are more fhgacious, so much so that the respiration is easily restored by employing 
the direct artifidal respiration. (4) That ether does not stop ^e respiration of dogs, even 
after a continuous and prolonged administration of three hours. (5) That for these reasons 
ether is much safer than chloroform. This applies to animals ; and if the same laws are 
applicable to man, I agree entirely with the Hyderabad Commission on the practical point 
that it is not the pulse that is the guide in anaesthetising, but the respiration. In regard to 
wtifioial respiration, that which 1 call direct artificial respiration consists simply in applying 
the mouth of the operator to the tube which communicates with the trachea, and expiring and 
inqiiring, just as in normal respiration. This tube, as I noted before, has a lateral tube 
communicating with the external air, thus establishing a lateral current’by which all the air 
contained in the lungs is pumped out by the operator’s inspiration, and new pure air is pumped 
into the lungs with his expiration. By this means I succeeded in resuscitating all .my dogs 
and rabbits, even though three minutes had elapsed after stoppage of the respiration ; while 
with any other method of artificial respiration until now employed (indirect'), not only could I 
not succeed in such cases, but in the great ma.jority of cases the indirect artificial respiration 
was unsuccessful, even directly after the stoppage of respiration. To me this kind of direct 
artificial respiration was the most striking feature of my experiments, and I proposed to 
adopt it in the case of imin. This is very easily done by a metallic canula, conveniently 
curved at one end, like a common catheter, and provided with a lateral tube in order to 
establish the lateral current. The curved end, which is cut like the end of a Ferguson’s 
speculum, is easily introduced into the trachea through the mouth and by the operator applying 
bis mouth,— or, if objectionable, a pumping apparatus, — to the other end, natural respiration is 
unitated. I am quite satisfied that no other form of artificial respiration equals this inefiScaoy. 
As to the manner of its physiological action, 1 think that not only by this method is all the 
ansesthetic in the lung directly pumped out, but that the pure air pumped into it has a vivify- 
ing action on the nerve endings in the lungs, which are paralysed before paralysis of the 
eentces of respiration sets in. 


I remain. Sirs, most faithfully yours, 

C. RUATA, 

Prof, of Materia Medica to Perugia Uoiven^ty. 

July 2nd, 1880. 
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LETTER FROM JOHN HOPE POTTER, EgQ. 

To THE Editobs of “ Thb Lancet.” 

Sirs,— Smgeon-Major Lawrie, in his interesting article published in The Lancet of 
Jnne 21st, evidentlj contends that the sudden fall in blood-pressure during the administration 
of chloroform is invariably due to a condition of asphyxia, though he admits a gradual fall 
in blood-pressure, unattended \rith danger, during the administration of this ansesthetio. 
1 would call the attention of»your readers to the fact that the condition which often ensues 
on the administration of chloroform is a condition of which the most apparent visible sign is 
pallor ; asphyxia is no^ however, accompanied with pallor, but with distension of systemic 
veins consequent on contraction of small arteries, and increase of arterial tension (blood- 
pressure raised), which condition again is consequent on stimulation of the vaso-motor centre 
due to circulation of blood deficient in oxygen. Now, this sequence of events in asphyxia 
produces a visible condition of lividity quite different from the pallor which is the danger 
signal in chloroform administration. In fact, to recapitulate, we have in asphyxia increased 
blood-preSsure with lividity ; in fatal chloroform narcosis we have the opposite condition, vis,, 
diminished blood-pressure with pallor. It appears to me the contention of Surgeon-Major 
Lawrie — ^that the danger is due to asphyxia, and not to the direct action of the chloroform 
vapour— is quite erroneous. 

1 am. Sirs, yours truly, 

JOHN HOPE POTTER, 

CuUompton, Devon, June 30th, 1890. 


LETTER FROM SuRttEON-MAJOB EDWARD LAWRIE, 

To THE Editors of “The Lancet.” 

Sirs, — In Ttie Lancet of July 19th, 1890, Mr. John Hope Potter states that the 
Hyderabad Chloroform Commission contend that “ the sudden fall in blood-pressure during 
the administration of chloroform is invariably due to a condition of asphyxia.” This is a mistake. 
In the paper published by me, as President of the Hyderabad Chloroform Commission, in The 
Lancet of June 21st, 1890, it is contended that the sudden falls of blood-preE»ure, with pallor, 

H 

which are observed during the improper administration of chloroform, are invariably due to 
reflex or direct stimulation of the vagus, and that while this action of the vagus is in itself a 
safeguard, it always shows that the ansesthetio has been administered with insufficient air. The 
Hyderabad Commission has proved that asphyxia is only dangerous in chloroform adminis- 
tration because it makes people gasp. Mr. Potter further asserts that asphyxia raises the blood- 
pressTure, and that this is consequent on stimulation of the vaso-motor centre. The tracings of 
the experiments of the Hyderabad Commission demonstrate that, contrary to the hitherto 
Accepted belief, asphyxia lowers the blood-pressure. This is in strict accordance with what 
common sense would lead us to expect. It is evident that to raise the blood-pressure is to benefit 
the organism, and it cannot be said that asphyxia is ever beneficial. Mr. Potter is in error in 
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supposing jQiat aspbi^zia siimnlates the vaso-mok>r centre. It is more probable .tiiat it paralyses 
that centre and stimnlatos the respiratory centre. Chloroform, on the other hand, paralyaes 
both centres. Fortunately, it efFects the respiratory centre most deeply first, so that when 
danger of overdosing arises mmings are given by the respiration, whereby tiiat danger can 
invariably be averted. 

The most important result of the labours of the Hyderabad Chloroform Commissipn has 
undoubtedly been to establish the proof that chloroform has never, under any circumstances 
whatever, a direct action upon the human heart ; and not the least important of the results of 
the Commission’s work consists in the exposure of some of the sham physiology which has 
passed current as genuine for the last ten years. Not to speak of the condition of animals with 
the blood-pressure “ minus,” it is a well nigh irreparable misfortune that a whole generation of 
our profession should have been taught such physiological untruth as that the normal action 
of the vagus nerve is to imperil and occasionally to destroy life ; and it is degrading to reflect 
that one of the main uses to which this false knowledge has been applied in England since 1879 
has been to throw dust in the eyes of the public, when coroners’ inquests are held on the 
victims of chloroform administered in accordance with the erroneous principles advocated by 
the Glasgow Committee. 

1 am. Sirs, your obedient servant, 

EDWARD LAWBIE, Surgeon-Major, 
President, Hyderabad Chloroform Conunission. 

Hyderabad, Aug. 1890, 

LETTER FROM Dr. ARTHUR H. W. HUNT, m.r.c.s., &c. 

To THE Editors of “The Lancet.” 

Sirs, — send you a few particulars of a recent death at the Wolverhampton and 
StafiPordshire General Hospital from the administration of ether, in which the patient died 
of syncope, and not from failure of the respiratory function. 

A young man aged twenty was admitted under Mr. Vincent Jackson on June 19th 
last. He was a miller by trade, and sought relief from a swelling at the upper and outer side 
of his left leg. He was a stout, flabby man, and rather anaemic. The svelling turned out 
to be a chronic abscess. Previously to this he had always been healthy. The abscess was 
opened soon after admission, under chloroform, and another, which ajfpeared a few weeks later 
was opened under nitrous oxide. In addition to these, two other abscesses were opened 
without an ansssthetic. * 

Last week it was found necessary to again place him under an ansssthetic, in order to 
scrape away some imhealthy granulations, and slit open a couple of sint^. The house 
phyrician and assistant house surgeon were present. The house physician pro tem. 
(Mr. Bryett, M.B., Lond.) gave ether with a Clover’s inhaler, and the ether was from the same 
bottle as that which had been successfully used for other patients. It wsis obtained from 
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Robbins, Ozford-Sireet, London. Deceased wa^ noi deeply nnder etUer when I comixienoed and^ 
finished the operation, which only lasted two or three minutes. At no time was the ether on 
beyond the mark 3 on the inhaler. On telling the house physician I had finished the inhaler 
was pnt aside, ipd I commenced to dress the wound. After breathing normally several 
times deceased moaned, and then turned pale and ceased breathing. At the same time his 
pupils dilated. The tongue was at once drawn out with forceps, and artificial respiration 
beguif. The chest was slapped with a wet towel, and hypodermic injections of ether and brandy 
administered. In addition a battery which was at hand was applied. Artificial respiration 
was kept up for forty minutes, but was of no avsiil. The post-mortem examination was made 
by Mr. Vincent Jackson, at the request of the coroner. There was a considerable layer of fat 
over the chest, and the muscles were paler than natural. Both lungs were healthy, but there 
were some old adhesions in the right pleural cavity. The heart was unduly covered with fat 
especially at its apex. The right side was dilated and full of blood, the left empty and contract- 
ed. The walls of the right ventricle were thin. The valves were healthy. The heart muscle 
was very pale and soft. A small piece examined under the microscope showed marked fatty 
changes. ^ The jury returned a verdict accordingly. 

«> 

This case is interesting, first., because it is opposed to the view that death from ether 
takes place from asphyxia ; and, secondly, from its sudden fatal termination, without any 
previous warning. 


I am. Sirs, yours faithfully, 

ARTHUR H. W. HUNT, &c., 

Wolverhampton, Sept. 2nd, 1890. House Surgeon to the Hospital. 


OBSERVATIONS on the ADMINISTRATION and DANGERS of ANAES- 
THETICS, by James Dunlop, m.d., Surgeon to the Royal Infirmary, 
Professor of Surgery at Anderson’s College, and Medical Examiner in 
Criminal Cases, Glasgow. 

\ m 

\j In view of the recent development of this subject, circulars asking for information upon 
it flrtve been issued by The Lancet to scientific medical men throughout the world. This ciiv 
cultfl has stimulated Dr. Dunlop to record the results of his observations on the subject made in 
wards 15, 23 and 24 of the Glasgow Royal Infirmary during the last ten years, and to state 
his opinions thereupon. 

Allowing of unrecorded cases in these wards, the following opinions are based on observa- 
tions of 8,500 cases within the specified period. To produce anaesthesia in this number of 
patients, chloroform has been principally used. In the administration, the drop method was 
adopted. Ether was sometimes employed ; its use by Clover’s apparatus was begun on March 
Sib,' 1882. Its- use was greatly dependent on the skill and ability of the assistant, some 
adnunistering the drug with greater skill than others. In a general way ether 
was administered in the proportion of one case of ether to thirty oases of chloroform. Ether 



prefeviibly in oaseiof debility •from long-itandiiig disease of johris or from 
loss of blood in severe railway smashes or machinery injuries. This drug, however, was 
found unsuitable in operations for hernia, lithotomy, reduction of dislocations, rectal operations, 
and in persons suffering from pulmonary or bronohitio ailments, or addiciied to habits of 
ntemperanoe. 

Referring to the relative dangers of various anaesthetics at the operation or after the 
operation. Dr. Dunlop remarks that “ chloroform is never absolutely safe, no matter how care- 
fully or how skilfully it might be administered. Chloroform is%:iuch more dangerous than 
ether during operations ; but after operations ether is more dangerous to life than chloroform 
from bronchitis or pneumonia setting in. It may be said that when pneumonia or bronchitis 
follows, the ether was badly administered. That may have been so. It is much more difficult 
to administer ether accurately than to administer chloroform accurately.” On two occasions 
recently ^he encountered great difficulty with ether. In one case the breathing had almost 
ceased, and the pulse failed. The young woman’s face had become blanched. She was dying 
not from asphyxia, but from weak heart action. The remainder of Dr. Dunlop’s rom^ks are 
as follows 

Every intelligent assistant I have had during the last ten years has felt happier during 
an operation when ether was used than when chloroform was administered. 1 have not seen 
any deaths from ether or chloroform for ten years ; but I have seen many patients both in 
hospital and in private practice in very imminent danger to life during the administration of 
chloroform, the symptoms in some instances being those of impending asphyxia, in others 
those of defective heart action. I have laid down for my own guidance as a surgeon the rule 
never to have chloroform administered to a patient in my own house, even by the patient’s 
own medical man. It is an extremely awkward and painful experience for a surgeon to have 
e death from chloroform in his own consulting-room. 

A patient coming from the country, accompanied by the family doctor to administer 
chloroform in a surgeon’s consulting-room, the patient to have an examination for stone, or 
the excision of a won, or a reduction of dislocation at the elbow, or the breaking down of 
joint adhesions, is usually in a very unfavourable and unsafe condition for chloroforming. 
The patient is probably hot, anxious, excited, nervous, and tightly clothed, and at an early 
stage of the administration of the anaesthetic by the family doctor symptoms of heart danger 
suddenly appear, and death ensues. It is really much safer for such a patient’s life to have 
him rest for a time in a hotel or elsewhere, and to have the anaesthetic administered there 
ratber than in the surgeon’s house. Under no circumstances, and for many reasons, should 
chloroform ho administered by a medical man without at least a third party being present. 
A gMUj I nev^r now administer chloroform in a dentist’s room in dental oases. There is always 
great danger to lifoy and deaths have been far too numerous in the rooms of dentists. Besides 
nitrous oxide is so much safer in the hands of dentists than chloroform. 

In the space at my disposal it is not my intention to discuss the general aoeuraoy of 
trhat is termed Byrne’s views on the administration of chloroform, or to oonsidor the coo. 
ettuRons arrived at by the Hyderabad Comndssion, which are based on experiments performed 
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oh Indian dogs lind monkeys. To help The liineet in its consideration of the questioni how 
to save people’s lives ? I desire to oontribute some evidence on the other question, whjr and 
bow do some people die under the influence of chloroform f 

During thb last twenty years in conjunction with my colleague, Dr. Moore, as 
one of the medico-legal examiners for the city of Glasgow, I have had exceptionally favour- 
able opportunities of acquiring experience of the fatal results following chloroform administra- 
tion. In these years there has been a considerable nuhiber of deaths of individuals while under 
the influence of chloroform. ' The deaths which were made the subject of post-mortem examin- 
ation, took place in the Royal and Western Infirmaries, in the hospital of the Barnhill Pooiv 
house, in the operating rooms of dentists and consulting-rooms and elsewhere of private practi- 
tioners in the city and suburbs of Glasgow, within the county of Lanark. A careful study 
of such details as are before me leads me to the conclusion that considering the population, its 
numbers and character under medical treatment, and subjected to chloroform, the proportion 
of fatal cases is very small, probably not more than from two and a^half to three per annum. 
Within the last top years the deaths under chloroform have been more numerous than they 
had beenMn the previous decade. There have been, however, at least eight or nine deaths 
since January 1st, 1888, and of these seven were the subject of posi>-mortem examination, 
and in all, so far as I can learn, it was the respiration that was watched and not the pulse. 
The respiration gave no signs or warning of approaching danger. It was noted that the fatal 
results occurred in the young and middle-aged, not in children or very old men, and in females 
ns well as males. It was further noted that some forms of surgical procedure had some pecu- 
liar influence in predisposing to a fatal result, such as operations upon joints, not, however, 
involving the use of the knife. Two individuals died who were having dislocations at the 
shoulders reduced, one a dislocation at tho elbow, and three in breaking down adhesions within 
and about the knee-^joint. In no single case was death attributable to nervous shock from 
the operation having been begun or completed while the patient was not fully under the 
influence of the anesthetic. Some of the deaths which took place while the patients were 
under chloroform were not directly due to the poisonous effects of the drug itself, but to some 
other cause. One death was due to asphyxia from vomited matter (tripe) obstructing the air 
passages. The help present was neither adequate nor skilled, and the men lost their heads. 
Another was caused by the bursting of a small pouch (aneurysmal) in the brain, a third of an 
aneurysmal pouch in tho first part of the aorta, both deaths taking place in the early period 
of the administration and while the patient was struggling. The deaths which are to be 
distinctly charged against chloroform are, according to the post-mortem appearances, divisible 
* into two distinct classes. * In the one and larger class the appearances are those of death by 
asphyxia — death through the lungs. In the other and fortunately smaller class, tho appear- 
ances are those of death by syncope, — death through failure of the heart. The proportion 
is one death from syncope to about twelve from asphyxia. I may mention here that I think tho 
deaths^from asphyxia ought to be to a large extent preventable. The deaths from syncope 
are in most instances beyond the control o£ the highest skill and the greatest care. In order 
to nfake these observations somewhat clearer I mention the following - 

In the deaths from asphyxia the right side of the heart was full of liquid blood, not dark 
Uood such as is present in asphyxia from drowning, but blood with a pinkish or magenta 
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tinge, which seemB to be characteristic of death from asphyxia by chloroform. The left side 
was firmly contracted and empiy, the veins leading to the right side fall of blood, the longs 
behind engorged with liquid blood of a dark pinkish tint. A general engorgement of the 
veins of the liver and kidneys, and in some cases petechial spots formed by extravasated blood 
in the serous covering of the heart and pleural lining of the ribs, and the covering of the 
lungs. We find often similar petechial spots in new-born infants, who make a struggle to 
breathe fully and freely, and fail from obstruction by pressure, &c. In the deaths from symopey 
or failure of heart’s action, there was found a flaccid heart with^all the cavities empty. No 
blood on the right side ; no contraction of the left ventricle. There was blood in the veins ; 
the cavse were distended with blood. In some instances the heart was large, soft, and fatty, 
and its tissue friable. Along with this condition of heart was noted a more or less yellow, 
soft, fatty liver. In other instances there was no evidence of any disease of the heart or other 
organs ; all that was noticed was a flaccid empty heart, with venous engorgement in the lungs. 
In one fatal case examined by Dr. Moore there was, in addition to the empty flaccid heart, 
complete adhesion all round to the pericardium. Death was due to syncope from failure of 
the heart’s action. Deaths from asphyxia^ or preventable deaths, took place under two dis- 
tinct sets of circumstances. In one sot the administration of the chloroform was too long 
continued. The patient was too deeply under its influence from the beginning. There was 
an overdose, the breathing became shallower and shallower, the chest ceased to move, the 
diaphragm and abdominal walls only moving. The face and lips became livid, and death 
ensued in spite of artificial respiration. In the second or other set the patient was placed 
fairly under the influence of chloroform, administered with a due admixture of air, but 
during the operation, owing to the patient pppearing to come out from under ite influence, a 
further dose was administered, and this dose was excessive, and the patient died. The cause 
of death was asphyxia through the lungs. This is not an uncommon blunder, even in the 
hands of skilled men, and is duo to want of care in the administration and the neglect of 
watching the respiration. 

There are some conditions of lungs and other organs which render the administration 
of chloroform specially hazardous, and which increase the risk of death from asphyxia. One 
is a lung or lungs bound down to the walls of the chest and diaphragm by old adhesive bands, 
the patient having had extensive pleurisy. The breathing capacity or volume of the weakened 
lung being greatly diminished, a small or ordinary quantity becomes an overdose. With 
lungs in this condition a very little chloroform seems to embarrass the respiiatory organs and 
bring about a fatal result. 

In two dental cases in which chloroform was administered by experienced men, who 
had not, however, examined the chests, and did not know how imperfect and unsatisfactory 
the respiratory machinery was, death ensued early in the administration and rapidly. There 
was no help at hand of a proper kind to save life by artificial respiration. I have known 
humpbacked patients giving great trouble from imperfect breathing apparatus. Another con- 
dition which is embarrassing, but in a different way, is albumen in the urine—* Bright’s dul^ase. 
In several of the fatal cases albumen was present in large quantity. Urine should always be 
examined when possible-— forewarned is forearmed.” With kidney action defective in the 
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elimination of tlrea, epileptiform convulsions may occur and death result. There -are always 
danger and trouble during the administration of chloroform when albumen is present. To 
prevent death from asphyxia chloroform requires skill, experience, undivided attention, prompt 
action in time of danger, and a suitable method of administration, Anoestheties should never 
be administered in a close, crowded, small, ill-ventilated apartment, or side room of a ward, or 
in the lobby of an operating theatre. Neither should there be a crowd around the patient 
witnessing the operation. Several deaths had the fatal result induced or hastened by one or 
other of these conditions. • 

Of the apparatus used in the administration of chloroform, based upon the evidence 
afforded by the deaths, Allis’s inhaler is the most dangerous. Next in order is the folded 
towel arrangement, and the safest of all is the drop method on flannel stretched on wire. 

Deaths from syncope or failure of heart are not common. They do, however, occur, 
and, as a rule, early in the administration. A small quantity of concentrated vapour without 
any air ^administered to a nervous, timid patient has proved fatal. A healthy, florid-faced 
young man had •chloroform adminishn'ed to him in private by a surgeon who had gained 
much experience of chloroforming in the vrards of the Royal Infirmary. The chloroform was 
administered on a folded towel, throe or four drachms having been poured on. While the 
patient was counting, and when he had reached the number tw^enty-five, his face became at onco 
pale and blanched, the pupils suddenly whhdy dilated, no pulse was felt at the wrist. The 
young man was dead. On post-mortem examination I found his heart an empty flaccid bag. 
There was ho disease of any organ, and no evidence of death from asphjrxia. I have knowm 
a robust-looking ship captain die under precisely similar circumstiinces, and on post-mortem 
examination 1 found only an empty flaccid heart. Both men had hearts and nervoas systems 
specially sensitive to chloroform, and the fatal result could not have been provided against. 
There is no possibility of discovering beforehand the existence of such a sensitive heart. 
Weakly, flabby, thin-walled, yellow hearts, and hearts bound to the pericardium by old adhe- 
sive bands of probably rheumatic origin, are prone to become paralysed very early in the 

administration of chloroform. 

•» 

Indian dogs and monkeys, the subjects of experiments by the Hyderabad Commission, 
do not afford the cardiac and pulmonary complications which are often present in man, and con- 
clusions based upon such experiments, however interesting and important they may be when 
viewed from a purely scientific standpoint, are of very little practical importance or value as 
guides to us in the safe administration of chloroform to our patients. 

Strange as it may seem, disease of valves, hypertrophy of walls, cardiac murmurs of all 
kinds, give no trouble during the administration of chloroform, I know that from experience 
in the operating theatre, and I have never found any valvular disease in any case of death 
under cliloroform. I have no post-mortem data of deaths from syncope m the last period of 
th^ administration of chloroform. On that point 1 have notliing to say. 

In conclusion, I have to state that after thirty years’ experience as a surgeon in hospital 
and in private practice, experience both of the living and the dead, I have formed the opinion 
83 
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that at all times and tinder all circumstances cKloroform cannot be administered without some 
risk to the patient’s life. That risk, however, may be greatly diminished — reduced to a 
minimum — by an accurate knowledge of the .patient’s condition of body and mind and the 
skilful administration of the anresthetic, which includes due attention to the. pulse, as well as 
watching the respiration. 

Glasgow. 


LETTER FROM Surgeon H. HERBERT. 

To The Editors of "The Lancet.” 

Sirs,— On September 10th, while performing a lateral lithotomy on an Arab boy, 
about sixteen years old, it was suddenly found that the patient had stopped breathing. He 
had been got under perfectly quietly, and he had evidently simply got too much of the ames-* 
thetic. It was still being administered when the stoppage of respiration obcurred. Artificial 
respiration, vrith head thrown back over the edge of the table and with* the* ammonia 
bottle at the nose, was kept up for, I think, nearly two minutes. The time was not taken, 
however, and it may have been more or less. Then very feeble respiration began and gra- 
dually strengthened. At the beginning neither the pulse at the wrist nor luiart impulse could 
be felt, but throughout there was a feeble flickering seen in the lines of the carotid vessels in 
the neck. Thus there is no doubt that respiration was mainly affected, and artificial breathing 
was suflScient to bring the patient round, 

I am, Sirs, yours truly, 

Aden, Sept. 17th, 1890. H. HERBERT, Surgeon, I.M.S, 


ANNOTATION FROM TEE LANCET. 

.We are constantly compelled to record deaths occurring under chloroform, and are 
generally impressed by the fact that the reports furnished are not suflSciently complete. A 
very natural feeling prompts reticence as regards the lay press, but when the immense im- 
portance of the matters at issue are considered, there can be no room for , hesitancy about 
furnishing the fullest reports to the professional Journals. We some months ago, in connection 
with the inquiry conducted by the Hyderabad Commission, issued a cfrcular to the profession 
individually, and a further circular of inquiry was sent to all the hospitals and dispensaries 
requesting an account of personal experience of deaths under ana 3 sthetic 3 , and yet "but com- 
paratively few out of the great number questioned have found leisure to answer our appeal. 
It is admitted upon all hands that mere experimentation upon the lower animals is, without 
clinical experience of the behaviour of human beings under anaesthetics, inconclusive; and this 
is further shown by the fact that different observers arrive at different conclusions. We would, 
then, earnestly beg of our readers to furnish us with their own experience, and see that those 
responsible for the^record of cases in the hospitals to which they belong duly fill in and return 
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to us the inquiry form sent out. If this has been mislaid, we will gladly furnish fjesh forms. 
The constant tale of deaths which are so lamentable surely claims of the profession some 
personal effort towards establishing a satisfactory clinical record of the behaviour of human 
beings under anajpthetics, and, it may be, throwing light upon the best way to avoid fatalities. 


An address on AN-^ESTHESIA, delivered before the International Medical 
CongreBS, Berlin, August, 1890, by H. C. Wood, m.d., ll.d., Philadelphia. 

[^Reprinted from the lirilish Medical Journaly^ August 1890.] 

The most brilliant modern achievements of the science and art of medicine in the 
direct saving of life are connected with surgery. These great achievements have been render- 
ed possible by two epoch-making discoveries — antisepsis and anoesthesia. The long array of 
fatal cases of poisoning by carbolic acid, by iodoform, by corrosive sublimate, and by other 
antiseptic agents ; the hundreds of deaths from chloroform, other, and other anscsthetics, all 
bear witness to the verity of tliat strange law, in obediences to which the progress of the huma n 
race is so often at the sacrifice of the individual. Antisepsis has outgrown the dangers of its 
youth, and to-day the measures that arc meant to save very i*arcly kill. On Ihe other hand, 
the death roll of aincsthesia is daily added to — added to, according to my belief, at a rate that 
has not changed in forty years. Though this bo true, from far-off Australia comes the 
news that jury and judge have condemned to heavy penalty a chloroformist who had lost his 
patient ; and in England itself a well-known medical journal lends support to such a verdict 
by affirming that “ deaths from chloroform are preventable, that with due care they may bo 
avoided,” and that, therefore, when they occur they are the result of ignorance and careless- 
ness. If this be true, five hundred deaths and more — the result of ignorance or carelessness 1 
Five hundred surgeons, including such names as Billroth, Jaeger, Simpson, McLeod, Agnew, 
Hunter McGuire, and others of equal rank, guilty of manslaughter 1 And still the carnage 
goes on. Surely, under such circumstances, the subject of anoesthesia is worthy of the attention 
even of this, the most learned medical gathering of the nations that the world can furnish. 
Antisepsis, the gift of the Old World to humanity ; anoesthesia, the gift of the New World, 
which made the fruits of ijjntisepsis possible — surely it is fitting that I, standing here to-day 
before you q^ll as the representative of the newer civilisation, should bo the chosen mouthpiece 
for the renewed discussion of this old but pressing theme. 

In attempting a fresh study of a well-threshed-out subject, I propose to take advantage 
of the modern physiological methods, and to endeavour to discover by experiments upon the 
lower animals how anaesthetics kill, and what drugs or measures are most powerful in putting 
aside their lethal effects. This brings us face to face with the question. How far is it possi- 
ble to adapt experiments to the needs of practical medicine, and to reason from the dog to the 
man ? A full discussion of this subject would not be opportune, but it does seem necessary for 
our purpose to devote a few minutes to the pointing out of certain general guiding principles. 

It ought to be acknowledged as a fundamental axiom, that no amount of experiments 
can overthrow a clinical fact, although when a contradiction between experimental and bed- 
ude observation seems to arise, such contradiction challenges the correctness of the alleged 
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clinical and experimental facts alike, and shotdd lead to careful re-examinatio;i. No amount 
of failure to purge a dog by elateriuin proves that elaterium does not purge man ; whilst, on 
the other hand, the discovery that digitalis increased the blood-pressure in the lower animal 
very properly led to doubt as to the correctness of the, at that time general^^ belief that digi- 
talis acts upon man as a cardiac sedative, and finally to the recognition of the falsity of the 
clinical observation upon which such belief rested. 

( 

Whatever difficulties may beset the path of the experimental therapeutist, it is certain 
that law is throughout the universe supreme ; that man, at least in his physical nature, is only 
an especially developed animal ; and il‘ drugs act differently upon different animals, such 
action must be in obedience to certain laws, to us known or unknown. 

Any attempt to fairly discuss these laws would load us too fur afield for the present. 
One law, however, treads so closely u])on the matter at hand this morning, that it requires 
statement. This law is, that when an apparatus or system is of similar function, and of 
similar functional activity in different animals, the difference in the action of remedies is 
very rarely, if ever, in kind, though it may be in degree. Throughout mammalia the heart 
has one general structujw and one general function ; the heart of the dog responds to the 
touch of digitalis precisely as does the heart of the man. The human brain is so much more 
highly developed than the brain of the lower mammal that it is, in fact, a new organ or 
apparatus, and its relation to drugs changes with the change of structure and of function. The 
scope of this law in regard to aiucstliesia is not far to seek. Tlu^ functions especially com- 
promised in lethal aiicTsthesia are respiration and circulation. Surely these functions are similar 
throughout mammalia, and surely we ought to be able to safely reason concerning them from 
the dog to the man. 

Becently, however, alleged clinical facts have been challenged }>y high authority, upon 
the strength of experimental results. Under these circumstances, nothing must bo at once 
abandoned, everything must be ro-examinod. These re-examinations I have made, and I may 
be pardoned, perhaps, if 1 affirm that a comjJeto study of the clinical and experimental evi- 
dence brings out, not a discord, but a most beautiful concord, — that concord between experi- 
mental and practical medicine which so often fails to appear simply because wo cannot fit 
together the fragments of truth in our possession. 

Although numerous substances luivo been tried, there are to-day in use practically only 
three ansosthetics, — nitrous oxide, ether and chloroform. Of these, nitrous oxide stands apart 
bcknause it produces loss of consciousness, not by virtue of any inherent properties, but simply 
by shutting off from the nerve centres the supply of oxygen. 

It has been asserted that the changes of circulation produced by the inhalation of 
nitrous oxide are essentially different from those of mechanical asphyxia, and that theJrefore 
nitrous oxide does not act as an asphyxiant. It must, however, be borne in mind that the 
phenomena of mechanical asphyxia are largely due to the presence of an .excess of carb&nio 
acid in the blood, whilst in the asphyxia produced by nitrous oxide there is no exoese of car- 
bonic acid, so that the phenomena present are simply the outcome of a lack of oxygen. It is, 



261 


therefore, a prioxi^ to be expectecl that the ph^omena of mechanical and of nitrons oxide 
asphyxia should diflFer to a certain extent. To determine the way in which nitrous oxide 
inhalation affects the circulation, I have, during the past winter, in connection with my assist- 
ant and friend, Dr. David Cerna, made a long series of experiments. The result has been to 
show that usually ?he inhalation is followed by a rise of the arterial pressure, accompanied by 
a great disturbance of the pulse ; the pulse at first becoming irregular and tumultuous, but 
by-and-by settling, *so that when anaesthesia is complete the pulse wave is remarkably large 
and full, and the rate very slow. The rise and fall of the arterial pressure in nitrous oxide 
anaesthesia was found to vary remarkably, not only in different inhalations, but in different 
periods of the same inhalation. Sometime the rise was sudden, sometimes it was slow and 
gradual ; sometimes it was maintained until near death, sometimes it was interrupted very 
early ; sometimes it was not very well marked, sometimes it was enormous. 

In all our experiments respiration ceased while the heart was still in full activity. 
Indeed, instead of the gas acting as a cardiac depressant, it appeared to act as a cardiac stimu- 
lant, although it paralysed the vaso-motor apparatus. Thus, during complete anaesthesia, fara- 
disation of the scaatic nerve always failed to register itself in an increase of the blood-pressure, 
although the heart was beating very powerfully, and although the pneumogastrics had been 
previously severed ; whilst late in the poisoning — at a time when the respiration had abso- 
lutely ceased, and the animal was in this respect dead, and without the power of self-recovery, , 
and when the arterial pressure also had fallen almost to zero— the pulse waves were frequently 
still nearly three times the normal. 

We made but few experiments as to the action of artificial respiration upon the animal 
dying from nitrous oxide, but those experiments proved that even after complete paralysis of 
the resiuratory function, artificial respiration is capable of rapidly bringing the animal hack 
to life. The heart lives on through nitrous oxide anaesthesia long after the respiratory function 
has been abolished, and even when the strong, full pulse fails, and the heart has almost ceased 
to quiver, recovery is still hopeful, because the loss of function has boon caused, not by the 
presence of a poison, but by the absence of oxygon ; and although the paralysis may be com- 
plete, the life power sleeps before it dies, and is ready to awake at the touch of fresh oxygen. 

^ These experimental results are in strict jiccord with clinical observations. The S. S. 
TVhite Dental Manufacturing Company supply a very large, if not the largest, portion of the 
apparatus and material used for the administration of nitrous oxide in the United States ; and, 
in answer to my inquiry, Dr. J. W. White, thoir President, writes me that a computation 
based upon thoir own sales, and a knowledge of those of their rivals, has reached “ the some- 
what appalling result, that ansesthesia by nitrous oxide gas is probably effected in three-quarters 
of a million of cases annually in the United States Most of these inhalations have been 
given, not by trained physicians, but by comparatively untrained and often very ignorant 
dentists ; have been given to patients in a sitting or semi-sitting posture ; have been given 
apparently without thought or care to the general community, as the units presented themselves 
to the healthy and to the diseased alike ; and the result is, out of many millions of inhalations, 
only three deaths recorded as directly due to nitrous oxide. Could anyi^ing be safer ? 
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A suggestive and very practical fact which came out in our experiments is that some- 
times during an inhalation of nitrous oxide the rise of the arterial pressure is extraordinary 
and abrupt. Not long since, in the city of Philadelphia, a gentleman arose from the dentist’s 
chair after an inhalation of nitrous oxide, staggered, and fell in an apoplejy. Is it not easy 
to perceive that when the arterial system is diseased the great strain of a sudden rise of blood- 
pressure may produce rupture ? 

Some years since Dr. Kenderdine, a Philadelphia surgeon of local note, died of 
diabetes, which he insisted was produced in him by the inhalation of nitrous oxide. This 
is in accord with the researches of the French physician, Dr. Lafont, who reported a case in 
which sugar appeared in the urine twice in a patient after the inhalation of the gas, and who 
also caused in himself, and in dogs, temporary glycosuria by such inhalations. Further, 
Dr. Lafont noticed in a case of mitral insufficiency temporary albuminuria. 

• I am not aware that these very suggestive statements of the French jhysician have 
given rise to any research, exce])t five experiments made rec.ently upon healthy njen; with 
negative results, by two medical students of the University of reiinsylvania, Messrs. George 
S. Woodw^ard and Alfred Hand, junr. 1 do not belitjvo that ordinarily the inhalation of 
nitrous oxide is followed by sufficient disturbance of the circulation to register itself in the 
urine, but the negative evidence of Messrs. Woodward and Hand is not sufficient to render it 
improbable that in exceptional cases the inhalation of nitrous oxide may produce albuminuria 
or glycosuria. Such phenomena, if they occur, are in all probability not directly produced by 
the nitrous oxide, but are due to the disturbances of capillary circulation caused by it. 

However these facts may be, it seems to me that great caution should be used in the 
administration of nitrous oxide to persons, the coating of whoso arteries is diseased, and it is 
probable that when widespread atheroma exists, ether is a safer anscsthotic than nitrous oxide. 

When respiration has been suspended in nitrous oxide ansesthesia, the overwhelming 
indication is certainly for the omployment of artificial respiration. 

Notwithstanding the great safety and the many advantages which attend the ansesthetic 
employment of nitrous oxide, the gas can never be used for the general purposes of the 
surgeon, on account of the excessive fugaciousnoss of its infiuonce. 

■ 

The perfect anaesthetic wdll be a substance which has the power of paralysing the sensory- 
nerve trunks without affecting other functions of the body. If such drug exists it yet awaits the 
coming of its discoverer. Probably until such u sensory-nerve paralysant is found chloroform 
and ether will maintain the complete supremacy which they now have ; and in the further 
discussion of my subject 1 shall confine my remarks to them. Lack of time limits this discussion to: 

(1) The method in which these two drugs kill, both in man and in the lower animal, 

that is, whether they destroy life through the circulation or the respiration* 

(2) The comparative fatality attending the use of these two agents, and the reasons 

for the difference* 
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(3) The comparative disadvantages between the two agents, and the best method 

of securing the desired results. 

(4) The treatment of accidents occurring during ether or chloroform anaesthesia, 

In regard to the method in which anaesthetics kill, my own teaching hitherto has been : 
first, that although ether in moderate doses acts as a stimulant to the circulation, yet in over- 
whelming amount, it is capable of depressing the heart, but that such depression of the heart 
is always less than the depression of the respiration, and therefore ether kills always through 
the respiration ; secondly, that chloroform may produce death by paralysis of the respiratory 
centre, or by a simultaneous arrest of respiration and circulation, but that primary paralysis of 
the heart may occur, and is especially prone to do so wlum the chloroform vapour has been 
given in concentrated form. 

I thint that these views are in accord with general professional belief, but it has recent- 
ly been alleged that tliey are at variance with experimental evidences, so that a re-oxajuina- 
tion is necessary. *What, tlion, are the clinical facets ? 

If any credence is to be attached to the statements of competent witnesses, who have 
recorded human deaths during anaesthesia it is certain that in some cases, under the influence 
of chloroform, the pulse and res])iration have ceased simullanoously ; wdiilst in other instances 
the respiration has faihid before the pulse : and in still other cases the pulse has ceased its 
beat before the respiratory movements were arrested. 

Usually ether arrests respiration in men before it paralyses the heart, but the colhic- 
tion of records made by Ur. J. (/. Reeves certainly show that the fatal result may be j»roduced 
by syncope. Thus Dr, Ernest H. Jacobs, in a report of a fatal case, asserts positively “ the 
pulse ceased, the breathing continued It would seem that we must allow that ether in the 

human subject may cause death in th(i same methods as does chloroform. 

Such then are the clinical facts ; or, in other words, such are the results of observations 
made upon thg human subject. AVhat are the results of observations made upon animals ? 

The general teaching in regard to chloroform has been recently challenged by 
Dr. Lauder Brunton, who, as the n^sult of 450 experiments made by himself upon the pariah 
idogs of India, has reached the conclusion, as published in the Tjondon Lancet, that, however 
concentrated the chloroform may be, it never causes that doatli irom sudden stoppage 
of the heart. In the physiological laboratories of the University of Pennsylvania, for 
some years, several hundred dogs have been used annually, and a very largo proportion of 
these dogs have been, at the end of an experiment, killed by chloroform. The observations of 
Dr. Reichert., professor of Physiology in the University, Dr. Hobart Hare, Demonstrator of 
Therapeutics, and myself, have been concordant in showing that chloroform is a cardiac para- 
lysant, and often does kill dogs by a direct action upon the heart or its contained ganglia. The 
statements made concerning the Hyderabad Commission, however, led Dr. (Hare and myself 
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to a careful and thorough re^tudy of the sdbject. Borne of our experimeilts were made by 
injecting chloroform into the jugular vein ; others by administering it by inhalation in the 
usual way. 

The action of the chloroform seems to be not seriously modified f>y the method of 
administration. We definitely proved that in the dog chloroform has a distinct, direct, para- 
lysing influence on both respiration and circulation ; that the respiration may cease befere the 
heart beat, or the two functions be simultaneously abolished ; but that in some oases the heart 
is arrested before respiration. We have several times seen the*respii*ation continues as long 
as one, and even two minutes after the blood-pressure has fallen to zero, and the pulse has 
completely disappeared from the carotid artery. 

The correctness of our experiments, we claim, must be acknowledged. The experiments 
have not only been witnessed by a number of persons, but I have with mo to-day tracings 
which I will gladly show anyone especially interested in the subject. I do not desire to 
express any doubt whatever as to the correctness of the experimental data of Drr Brunton ; I 
simply claim that both sets of experiments, although they have yielded different results, have 
been correctly and properly performed. It may be that the high heat or otJier climatic 
conditions surrounding the pariah dog make his heart loss sensitive to the action of chloroform 
than is the heart of the dog bred in northern climates. That the thought of the different 
constitutions of animals in different climates is not absurd, is shown by the fact that some years 
ago— after I had affirmed before the Physiological Section of the International Medical 
Congress at London, that if certain asserted results were obtained upon European dogs, said 
dogs must differ from those of America, and had been met with a smile of incredulity — Dr. 
Brown Sequard rose and stated that he had experimented upon hundreds of dogs on both 
continents, and that there was a distinct difference between the animals the vascular system of 
the European dogs being much more developed, and operations upon them being, therefore, 
much more bloody than was the case with the American dog. 

A very curious parallel might be traced at this point between the experimental and 
clinical evidence in regard to the effect of climate upon the action of chloroform. In the 
Southern United States chloroform is used with great freedom, and with great alleged safety ; 
and as long ago as 1878 Dr. Langdon B. Edwards, editor of the Virginia Medical Monthly^ 
wrote : “ It is one of the most peculiar effects I have ever known in medical practice — ^the 
difference of experience in Europe and the North with chloroform and ether as compared with 
that of the South — ^tho high rate of mortality in the North, and the^low rate in the South.*’ 
Further, in a recent letter to me Sir Joseph Fayrer affirmed the extraordinary safety of 
chloroform in India, and •stated that he knew of no death from it as having occucred in that 
country, although its use is universal. 

In a series of experiments which I have recently made myself to determine the changes 
in the circulation produced when ether anaesthesia is carried on to death, I have found that in 
the first periods of anaesthesia the blood-pressure is usually elevated, and that it is usually 
* quite high at a time when the respirations are very shallow and imperfect, and the dark 
colour of the blood shows that it is heavily charged with carbonic acid. It is not, however, 
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very rare for the blood^pressure to remain near tho normal, and I have seen the blocyl-pressiire 
begin to fall in the very first stages of ether anaesthesia ; moreover, in at least two experiments, 
death occurred from syncope, the respiration continuing for one or two minutes after the com- 
plete cessation of tjjo circulation. In an experiment in which tho fall of blood-pressure was 
most pronounced, and the arrest of the heart most complete, the dog was sick from tho mange, 
and it is possible that tho weakened heart was more susceptible than is the normal heart to the 
depressing influence of ether. 

So far, then, as concerns the method in which ether and chloroform kill, I claim most 
urgently that there is no contradiction ])etw 0 on the results as obtained by the bedside and in 
the physiological laboratories, and that a complete broad study of the clinical and experimental 
evidence leads to one conclusion, namely, that cliloroform and ether are capable of paralysing 
the respiration and the circulation ; that in some cases one function, in other cases the other 
function, is primarily arrested ; but that other is loss prone to produce a primary arrest of the 
heart than is chloroform. 

In th (5 discussion of the second point which T have raised, namely, as to the comparative 
fatality attending the use of ether and chloroform, I shall not occupy time with any elaborate 
sotting Ibrth of the clinical evidence. In regard to tho number of recorded deaths, I shall 
content myself with accepting tho latest statistics at hand, namely, those collected by Dr. - 
Lawrence Turnbull, who has found fS 7 5 deaths reported from chloroform, and »52 from other. 
1 do not believe that those figures nearly represent the total mortalify ; I doubt \ory much 
whether one-third of the deaths from amesthosia are reported ; certainly not one-third of tho 
cases I have had personal knowledge of having been publicly recorded. Moreover, the 
pressure to conceal deaths from chloroform is greater than when tho lethal result is duo to 
ether. Tho surgeon who uses ether feels that lie has employed the safest ancesthetic, and 
that ho will receive no blame if a death occurs from it, and feels also that ho has a rare case to 
put on record, which will give his own name permanent place in ancestlKjtic literature ; where- 
as the surgeon who uses chloroform know^s that if death occur from the anaesthetic, a very largo 
proportion of tho profession^ at least in the United States, wdll condemn him either in public 
or in secret ^pr the use of this drug, and that he will bo fortunate if ho escape being publicly 
dondemned by a coroner’s .jury. Moreover, deaths from chloroform are only too common, so 
that tho surgeon has nothing to gain and much to lose by publication of a chloroform death, 
and, if possessed of the average human nature, holds his peace. 

It seems to mo impossible to get at tho exact number of anmsthotic deaths or tho propor- 
tionate fatality of other and chloroform. Lyman considers that in regard to chloroform, the 
ratio of deaths to inhalations is 1 in 5,860 ; Richardson affirms that it is 1 in 2,500 to 3,000; 
Ari drftwfl puts it for ether at 1 in 23,204 ; and Lyman at 1 in 16,542. 

Without claiming strict accuracy for any of these figures, I thinh that it can be assert* 
ed that the probable ratio of deaths from chloroform is throe to five times that of deaths' from. 

ether. 

Si 
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When we come to study t!ho effects of cl^orofonn upon the lower animals, we find that 
it varies very distinctly in its action on the different species. The cat seems to withstand the 
fatal influences of chloroform with a power worthy of its reputed “ nine lives Many years ago, 
Professor Schiff called attention to the fact that the use of chloroform as an anaesthetic in the 
dog is usually attended with the loss of many animals. Professor Martin, of the John Hop- 
kin’s University, w^rites me that the margin between complete chloroform anaesthesia in the 
dog, and chloroform death, is a very narrow one. This certainly is our experience fei the 
Univeraity of Pennsylvania ; wo have never been able to use chloroform as an anaesthetic 
without losing a very largo proportion of our dogs. 

Clinical and experimental results, namely, the results of experiments made in the phy- 
siological laboratory upon the lower animal, and the results of experiments made in the am- 
phitheatre upon the highc^r animal (man) ani again concordant. Chloroform is- much more 
inimical than other to animal life. The cause of this singular fatality is not, however, chiefly the 
cardiac action of chloroform. Chloroform is more apt to cause cardiac arrest than is ether, but 
it is also much more ])rone than is ether to cause deaths by failure of the respiration. Almost 
invariably, wdieii ether is withdrawn btdbro the dog is absolutely in the grasp of death, recovery 
occurs ; but ov(U' and over again I have noticcid that although the chloroform was taken away 
whilst the respirations were still being maintained with regularity, the arterial pressure much 
above zero, and the pulse very appar(jnt, yet the symptoms • of cardiac and respiratory failure 
continued to increase until the fatal issue was reached. 

It seems to mo that certain general facts or principles in regard to anajsthesia must be 
considered as established : — 

(1) That the use of any anaesthetic is attended with an appreciable risk, and that no 

care will prevent an occasional loss of life. 

(2) That chloroform acts much more promptly and much more powerfully than 

ether, both upon the respiratory centres and the heart. 

(3) That the action of chloroform is much more persistent and permanent than that 

of ether. 

• 

(4) That chloroform is capable of causing death either by primarily arresting the 

respiration, or by primarily stopping the heart, but that^ commonly both 
respiration and cardiac functions are abolished at or about the same time. 

(5) That ether usually acts very much more powerfully upon the respiration than 

upon the circulation, but that occasionally and especially when the heart is 
feeble ether is capable of acting as a cardiac paralysant, and may produce 
death by cardiac arrest at a time when the respirations are fully maintain,ipd. 

(6) Chloroform kills, as near as can be made out, proportionately three to five 

times as frequently as does ether, partly, no doubt, because it is more 
powerful in depressing the heart, but largely because it lets go its hold much 
less rapidly than does ether when inhalation ceases. Is it not possible that 
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* this holding on ” is becansd it is less volatile than ether, and can wo not 
here get a hint why chloroform is less deadly in the South than in the North ? 
Tho diffusibility of vapours or gases is in inverse proportion to the square of 
their densities, and the vapour of chloroform would certainly diffuse itself 
with far greater rapidity at 90° F. than at 70° F. 

% The comparative advantages and disadvantages of the two ansesthetics in practical medi- 
cine are so well known that only one or two points seem to force themselves upon our present 
attention. I cannot see that the surgeon is justified in putting the life of tho patient to un- 
necessary risk of chloroformisation, except under special circumstances. I believe, moreover, 
that much of tho unpopularity of ether is due to its impro]-)or administration. It is so easy to 
embarrass tho respiration seriously by the folded tow(d, as commonly used, that not only aro 
the struggles of mechanical asphyxia almost invariably produc(^d, but probably death itself 
sometimes caused. Especially is there danger of dciath b(ung thus caused mechanically in tho 
advanced stage of etherisation, when tho patient is too thoroughly etherised to struggle and 
when thj attention of tho etherisor is, it may be, attracted by some novel and diflScult operation. 
I confess myself to once having nearly killed a patient in this way. 

A proper apparatus is certainly profemblo to tho folded towel. Various have been in- 
vented, but, as tho time is short, I shall only mention one which seems to mo a practically 
perfect mechanism, although it is probably little Imown this side of tho Atlantic. 

The inhaler invented by Dr. 0. H. Allis is based upon tho theory that the patient to 
bo etherised should bo supplied with a full abundance of air, saturated with tho vapour of 
ether. It consists essentially of a series of foldings of muslin on a wire framework, arranged 
almost like the gills of a fish, so as to allow the air to ])ass freely through, but everywhere 
come in contact with ether. It should be placed upon the face of the patient dry, and the 
ether gradually poured on from a bottle with a tight cork, pierced by two small glass tubes, 
one short for the entrance of tho air, the other long, and reaching nearly to the bottom of the 
bottle for exit of other. When properly iisod the Allis inhaler practically does away with tho 
sense of suffocation, and the consequent struggles which have made etherisation alike so 
repulsive to patient and surgeon. 

. In order to determine the rapidity wdth which etherisation can be produced by this 
inhaler, Dr. M. H, Wilson kei)t for me notes of thirteen consecutive cases in the clinic of tho 
Jefferson Medical College Hospital in Philadelphia. The average time required for tho 
production of complete* unconsciousness was 8 minutes. Tho average time during which 
anaesthesia was fully maintained was 32 minutes ; and tho average amount of ether used 
during this time was 7| ounces. In twenty-one surgical cases occurring this spring in the 
clinical service of Professor J. William White, of the University of Pennsylvania, the average 
time •for the production of complete anaosthesia with ether, used through Allis’s inhaler 
was 7^^^ minutes. The results arrived at in these two clinics are so close that 8 minutes must 
be tjon&idered as the average time required for full etherisation by this apparatus. 

In discussing the treatment of the accidents of anaesthesia, the results obtained at tho 
bedside naturally press forward for careful consideration ; but in going over the subject from 
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this point of view, I have found so little that nsras novel, and so little that was satisfactory to 
myself, that I shall not occupy the time of this Congress with any conclusions drawn from 
reported cases, or personal experience in ohlorofonn accidents. 1 do not think myself that 
the problem can be solved by any such study of cases. Death is so neap and so terrible, 
time is so absolute, moments so important, that no^ surgeon would bo willing or justified in 
waiting for the effect of any one remedy ; and when a man is dosed with alcohol, nitrite of 
amyl, hypodermic injections of ether, digitalis, atropine, and other powerful agents ; faradised, 
slapped, douched, stood on his head, subjected to chest movements for artificial respiration 
and various other measures too numerous to mention ; who can tell, if by chance he recover, 
why he has done so ? or who can point out, if by chance he die, what is the remedy whose 
omission or commission has led to the fafed result ? 

The problem is a very complex one not to be worked out amidst the excitement and 
responsibilities of the amphitheatre. Only in the physiological laboratory can its various 
elements be separated and studied each by itself, without regard to the individual life which 
is at stake. 

In the phj'siological laboratory tw’o distinct paths open, each promising to lead to some 
positive knowledge. We may, on one hand, enter upon the study of the minimum fatal dose 
of the ansesthetic, and of the results by the consentaneous or subsequent administration of its 
"^supposed physiological antagonist ; or we may investigate the effect of remedies upon functions 
that are failing under the influences of the anaesthetic. 

The objections to the first of these methods have boon, in the present instance, over- 
whelnflng. The accidents seem to be independent of the amount of anaesthetic inhaled ; and 
such a method of investigation w’oulJ have required far more time than was available after I 
had had the honour of being asked to address this body. Death is produced by chloroform 
and ether through paralysis of the respiration and the heart, and the method of experimental 
study which I have employed consisted in a study of the action of powerful agents upon these 
functions when oppressed by chloroform. I have selected chloroform chiefly because it is 
the more powerful agent of the two ana3sthotics, and the more certain in its lethal results. 

The experiments have all been made upon dogs, by one plan. The carotid artery 
and also the trachea, having been connected wdth a recording drum, so thfit the movements 
of the circulation and the respiration could bo consecutively recorded, the animal was anaes- 
thetised, and when the blood-pressure had fallen almost to zero, 'and the respiration had 
ceased, or nearly ceased, as the case might be, the remedy to bo tried was injected into the 
jugular vein, through a canula which had been previously inserted. 

The more important remedies which have boon used by clinicians for the averting of 
threatened death during anaesthesia are ether, alcohol, ammonia, nitrite of amyl, digitalis, 
atropine, and caffeine, alterations of position, and artificial respiration. 

Although, at least in America, hypodermic injections of ether have been fr^uently 
employed even in ether accidents, such use is so absolutely absurd that it does not seem to me 
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to require any experimental evidence of its futility. Ether in ihe blood acts as ether, whether 
it finds entrance through the lungs, through the rectum, or through the cellular tissue ; and 
the man who would inject ether hypodermically into a patient who is dying from ether, should, 
to be logical, also saturate a sponge with the etJu^r and crowd it upon liis unfortunate victim. 

Instead of simply stating the results obtained in my experiments, I have thought it 
woul(Pbe more interesting to show rejiroductions from some of my tracings. The first drug 
that I shall report upon is caffeine. I have in jected it during the cardiac fnilure produced by 
chloroform, in doses varying fj*om 3 to 7i grains, and have never been able to perceive any 
distinct alteration in the arterial pressure, and no consistent distinct change of the pulse either 
in number or force. So far as the experiments go, they f*ertainly indicate that the drug has 
no influence upon the heart that is being overpowered by chloroform. T may also state here 
that it is not possible in any of my tracings to make out any iiiHuence exerted by caffeine 
upon the respiration. 

With atropinxi T have made a few experiments, the results being almost as negative as 
with cafleine. T^jn cubic centimetres of a 2 per cent. solufio)i of Ihe atropine injected into 
the jugular vein of a ehloroforinc<l tinimal, alierc^d the ratf^ of the pulse beat, l)iit had no 
apparent effect or inflmmcc upon the arterial pn^ssiirc, or upon tlu^ rrvspiration, and in no wise 
prevented final cardiac arresL ♦ 

Of all drugs, that which 1 think is nsiially must relied iipon by clinicians as a cardiac 
stimulant in amesthosia, as in other cases of heart failure, is alcohol. The clamiical and phy- 
siological relations of alcohol to ether and chloroform arc, howi^ver, so close, that many years 
ago 1 became very doubtful of the value of this drug as a stimnhuit to a heart deprqgsed by 
an amesthosia. 

These donlits continually grew stronger from what I saw and read as to the effects of 
the administration of alcohol during anaesthesia, and were finally changed into convitjtion by 
the experiment of K. Dubois,* who found that in the animal to Nvliicli alcohol had been freely 
given, much less chloroform is required than in the normal animal, to aiimstlietiso or to kill ; 

or, in other words, that aledhol iutensifi(»s the influemjo of chloroform and lessens the fatal dose, 

• 

In my own experiments with alcohol an 30 per cent, fluid was used, diluted with water. 
The amount injected into the jugular vein varied in the different oxperimemts from 5 to 20 
cubic centimetres, and in no case have I been able to d(^tcct any increase in the size of the 
pulse, or in the arterial pressure, produced by alcohol, when the heart was failing during 
advanced chloroform anaesthesia. On the other hand, on sin'eral occasions the larger amounts 
of alcohol apparently greatly increased the rapidity of the fall of the arterial pressure, and 
aided materially in extinguishing the pulse rate. 

f 

• 

Tlio effects of ammonia upon tlio failing heart of chloroform anaesthesia have been in 
my* experiments uncertain ; sometimes distinct, although very fugacious, and sometimes im- 
perceptible. Twenty cubic centimetres of a 10 per cent, solution of aqua ammoniae fortior 
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(United States^ PhwAnacopmct)^ in some esses produced an immediate rise in the arterial 
pressure, and even fugaciously registered itself in the respiratory rate, but perhaps more 
frequently it failed in its influence. 

The influence of injections of digitalis has been in a number df experiments very 
pronounced in producing a persistent gradual rise of the arterial pressure with an increase in 
the size of the individual pulse rate. In several instances death was apparently averteej^ by its 
injection, and I saw in one or two cases, where large amounts of the digitalis had been em- 
ployed, sudden systolic cardiac arrest, indicating that digitalis, if In sufficient amount, is able 
to victoriously assert itself in opposition to chloroform. Moreover, when I have given chloro- 
form to dogs whoso hearts were already under the influence of digitalis, there has seemed to bo 
a peculiar steadying or sustaining power combating the circulatory depression naturally 
produced by the anaesthetic, and I believe that in all cases of weak heart in man a full dose of 
digitalis before the administration of chloroform w^oiild greatly lessen the danger of cardiac 
collapse. ' 

With the nitrite of amyl four experiments were made ; in somo*of these from four to 
ton drops of the nitrite of amyl were injected in the jugular vein ; in otlfors the nitrite was 
used by inhalation. No distinct effect upon the arterial ])ressuro was in any instance produced, 
and usually no alteration in the size of the pulse waves, although sometimes the pulse did 
appear to be a little fuller. 

Of all my experimental- results, those which have been reached with strychnine liave 
been the most surprising. The injection of strychnine into the jugular vein usually produced 
a gradual rise of tlie arterial pressure, and always caused an extraordinary and rapid increase 
in thoarate and extent of the respiration. Thus I have seen the respimtion, which had practi- 
cally ceased for ton seconds, suddenly, under the influence of an injection of two-tenths of a 
grain of strychnine, become at once very largo and full, and reach a rate of 130 a minute. 

A series of elaborate experiments made upon the effect of the position of tho animal on 
the blood-pressure in tho carotid and other arteries, has very clearly proved that the body of 
the animal whose circulation has been paralysed by chloroform acts in a measure like a tube 
filled with fluid. Thus, if tho feet of the dog were raised verticsiHy above the head, whilst 
tho latter remained upon* tho table, an immediate rise of pressure occurred, oven though the 
heart had ceased beating entirely ; provided that the head of tho animal was kept upon a 
level with the table. If, however, tho head of the animal was depressed below the level 
of the table for a distance equal to, or greater than, tho length of the body of the 
animal, a decrease of the arterial pressure occurred at once, although the animal was in a 
vertical position. The phenomena observed were precisely such as would have been 
produced if the oanula had been inserted into a tube filled with fluid, instead o^ the carotid 
artery, and the elevation and depression of this tube had registered itself on the recording 
drum, in obedience to tho ordinary laws of hydrostatics, Tho phenomena Were entirely in- 
dependent of any beat of the heart, and were readily produced when the animal was dead, 
provided the death had not occurred too long previously. Sometimes, even a very few minutes 
after the cessation of the heart beat, it was impossible to produce the changes of pressure upon 
the drum. This I believe to have been due to coagulation of the blood occurring very early 
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after death to a saffioienl extent to interfere with«t;ho liquid properties of the fluid. In no cose 
was any effect upon the respiration produced by change of position in the animal. In a number 
of cases, however, when the feet were elevated, .the heart, which had entirely ceased beating, 
recommenced its Viork, and I have several times seen a pulse entirely disappear when the 
animal was taken from the vertical to the horizontal position. On the other hand, very 
frequently it was impossible to affect the cardiac action by changing the position of the animal. 
Nevertlielcss, the phenomena spoken of occurred too frequently to be a mere outcome of chance, 
though I several times noted tjiat the lieart was usually more affected by alternately elevating and 
depressing the feet of the animal than by keeping it in a steadily elevated or horizontal position. 

When the circulation has practically ceased, midor the depressing influence of an 
anaesthetic, inverting the body must cause the blood which has naturally collected on the enor- 
mously relaxed vessels of the abdomen, to flow.into the right side of the heart and distend it, 
and this distension — this increase of pressure — appears at times to have a sufficient momentary 
influence to stimulate the failing organ. 

j 

The theory^ which has been advocated by some therapeutics— that inversion of the body 
is of value in the accidents of anaesthesia, because it causes the vital centres of tho brain to be 
supplied with blood — is prolxxbly incorrect. Tho respiration in anajsthesia fails, not through 
want of blood in the rcspiratory^centres, but because the blood contains a poison which paralyses 
these centres. 

The most remarkable results which I have reached in bringing about recovery of 
animals to all ordinary intents and purposes dead, wore obtained through the use of artificial 
respiration. Thus, I have seen an animal, in ■which no respiratory movements whatever had 
taken place for two minutes, and in which, during that time, no movements of blood had 
occurred in the carotid artery, and in which, therefore, the heart had ceased its beat, rapidly 
permanently restored by artificial respiration/ 

At one time in these researches, it appeared as though after any dose of chloroform by 
inhalation, tlie animal could be resuscitated by artificial respiration, even though heart and 
lungs were completely paralysed by the drug ; but finally I did find a case in which artificial 
respiration failed. 

The results of my experiments with tho lower animals may be summed up : that nitrite 
of amyl, caffeine, ftnd atropine are of little or no use in chloroform poisoning ; that alcohol, 
when given in small amounts, has no influence, but that when given largely, materially assists 
in paralysing the heart and producing fatal results ; that ammonia has some little influence upon 
the heart, but that of all substances tried, digitalis was by far the most powerful in stimulating 
the failing circulation ; indeed, my experimental results indicate that it is the only known drug 
which is of .any real practical value in such cases. Next, or perhaps even before digitalis, 
strychnine seems to be of value in the accidents of anaesthesia, because, whilst having some 
influence on the circulation, it affects powerfully the respiration. For many years ohlorofrom 
has been used in practical medicine as tho physiological and practical antagonist to strychnine, 
and it seems rather odd that strychnine should never have been employed as the practical 
antagonist to chloroform. 
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The OBe measure whicli iu practical vilue fer surpassed all others for the restoration of 
the dying animal was artificial respiration, and 1 haVe no doubt that a great niajority^of the 
deaths which have occurred in man from anesthesia might have been avoided by the use of an 
active artificial respiration. The difficulty with artificial respiration as ii^has been hitherto 
practised upon man, after the Sylvester or other methods, is its inefficiency ; whereas the 
artificial respiration which I used on anii^als was very active, indeed, much more efficient than 
natural breathing in causing circulation of air through tho lungs, and therefore in removing 
excess of the ansesthetic from the residual air of the lungs and fromi the blood. 

The use of what may be called ‘‘ forct‘d ” artificial respiration by the physiologists, 
so naturally suggested a similar practice iu man, that the celebrated John Hunter invented 
for the. purpose an apparatus which consisted of a bollow^s so constructed that when it was ex- 
tended one compartment drew in air from ihq lungs, while the other drew air from the atmos- 
phere ; and when- it w^as closed tho process was revefsod, tho fresh air being thrown into tho 
lungs, tho foul air into the atmosphere. In 1807 Richardson, of London, invented an ap- 
paratus mofo elegant and porta])l(i, aHhoiigh idonii(ial in principle with that of John Hun- 
ter’s ; but I have' not found that either Hunter or liicharflson treated by forced artificial res- 
piration ’'an actual case of disease or poisoning. In 1875,-* Dr. John Ellis Blake reported a 
successful case of aconite poisoning, in which life was apparently saved, although there was no 
pulse for Q\;6r throe hours, by artificial respiration, with tho use of oxygen. In this case Mar- 
shall Hairs method was ai; -first used, but later, a small rubber tube w^as connected directly with 
a copper resen^ir of condensed oxygen, the other end of the tube terminating in as mall nozzle, 
which was inserted in one nostril.. Four hundred gallons, of oxygen were thus used, but how 
far the force of the compressed gas w as employed io dilate, the lungs is not very clear ; and it 
is doubtful whether this (xise should bo considered as one of forced respiration. The first 
physician to uso forced respiration in actual Inmian poisoning, with a clear idea of its value 
and pow^cr, so far as my reading goesj was Dr. George E, Fell.t * 

'■ ' It is plain that the hollow’s constriictod by John Hunter and by Richardson are Unneces- 

sarily com'plox and fhulty in principle. There is no need whatever of drawing the air out of 
the fnlly-filled lungs. Every physiologist knows that when the muscular system is completely 
paralysed hy curare or oven by death, tho chest w’alls have sufficient elasticity to force air out 
of the lungs and. all ordinary laboratory apparatus for artificial respiration is based upon this 
lacL For forced artificial respiration in man, an ordinary hollows of proper size is all that is 
required for tho motive power. 

The real difficulty, — tho point to bo especially investigated and studied, — is as to the 
connection ^ftweon the hollows and tho lungs. Hunter and Richardson simply placed a tube 
in one nostril, closing firmly the other nostril and the mouth of the subject. 

Ur. Fell at^rst used a traclieal tube, tho insertion of which, of coui^o, neoessitdied the^ 
performance of tracheotomy, in one case, however, a simple mask coveting the moutib and 
nostrils was a perfect success. 1 have bad no opportunity of trying the apparatus on the 
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living, but haiid made a series of experiments itpon dead bodies, which have demonstrated that 
usually a face mask is all that is necessary for the performance of artificial respiration. Before 
using the mask, the tongue should be well -drawn forward, and, if necessary, fixed in this 
position by an ordinary piece of silk suture run through it, which can be held in the hand of 
the operator. If in any individual case the mask fails, an intubation tube may be introduced 
into the larynx, I do not believe it will ever be found necessary to perform a tracheotomy. 

Dr. Fell’s apparatus eonsists of a pair of foot-bellows by which air is forced into a 
receiving chamber, which is connected with an apparatus for warming the air, and a*valve 
which can be opened and shut by a movement of the finger. This valve in turn leads to the 
tracheal tube. When the valve is opened the air rushes through the chamber into the lungs 
and expands them ; the finger is lifted, the valve shuts, the lungs contract-; and SO the respira- 
tion goes on. 1 have no doubt that this apparatus is efficient in practice, but it is open to the 
serious objection of being unnecessarily compfex and costly. 

A* much simpler, cheaper, and probably equally efficient apparatus may consist 
simply of a pair of bellows of proper size, a few feet of India rubber tubing, a face mask, and 
two sizes of intubation tubes. There should also be set in the tubing a double tube, with 
opening similar to that commonly found in the tracheal canula of the physiological labora- 
tory, so that it is in the power of the operator to allow for the escaiio of any excess of air 
thrown by the bellows. This whole apparatus can be prepared at a very trifling expense, and 
it seems hardly necessary to point out its probable value in various narcotic poisonings, and^ 
other accidents, in which death is produced by a paralysis of the respiratory centres of 
temporary nature. The proper use of it,— at least with the face mask, — could be taught to 
persons without special medical skill, so that it not only ought to lorm a part of the surgeon’s 
outfit, but might be of great service in life-saving stationS| about gas works, &c. 

In conclusion, I may be allowed to state that if the results and deductions arrived at in 
this address are, as 1 believe, correct, the rules for the proper treatment of accidents during 
ana)sthesia can be summed up in a very few words : 

Avoid* the use of all drugs, except strychnine, digitalis and ammonia. 

Give the tmoture of digitalis hypodermically. 

Draw out the totfgue, and raise up the angle of the jaw, and see that the respiration is 
not mechanically impeded. 

Invert the patient briefly and temporarily. 

* Use forced artificial respiration promptly, and in protracted eitses employ external 
warmth and stimulation of the surface by the dry electric brush, &c., and, above all, remember 
that some at least, and probably many, of the deaths which have been set down as du9 to 
(diloroform and ether have been produced by the alcohol which has been given for the relief 
<(if the patient. 

85 
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CLINICAL LECTURE BY Suroeqn-Majob E. LAWRTE, 

" - Gentlemen, — In the case of operation for the removal of the uterus and its appendages 
for sarcoma, which you witnessed yesterday, chloroform was administered, and the patient 
was kept fully anaesthetised for one hour and a-half by Miss Rr Furdonji, a fifth-year Parsi 
lady "student, without assistance or iiiterferonco from anybody. You are aware that, while I 
hold myself entirely responsible for the safety of my patients, chloroform is always given here 
by students with complete immunity from accidents, and you may find it difficult to understand 
why there should be any difiPerenee of opinion as to its safety. Unfortunately, a difference of 
opinion does exist, and it is my duty to indicate to you the fallacies contained in the latest 
addition to the controversy on anesthetics, — the address on ana?sihesia at the Berlin Interna- 
tional Congress, In the opening paragraph of his address Professor AV^'ood says ; “ The deiltli- 
roll of aneesthesia is daily added to — added to, according to my belief, at^a rare that has not 
changed in forty years. Though this be true, from far-off Austi’alia comes the nows that 
judge and jury have condemned to heavy penalty a chloroformist w'ho had lost his patient ” 
and in England itself a w'ell-known medical journal lends support to such a verdict by affirm- 
ing that death from chloroform are preventable, that with due care they may be avoided, and 
that, therefore, when they occur they are the result of ignorance and cjirelossness. If this be 
true, five hundred deaths and more, — the result of ignorance and carelessness ! Five hundred 
surgeons, including such names as BilLoth, Jaeger, Simpson, McLeod, Agnew, Hunter 
McGuire, and others of equal rank, guilty of manslaughter ! And still tho carnage goes on,'" 
Professor Wood scouts the idea that all the deaths that liave occurred from chloroform are 
due to ignorance and carelessness, and in a strictly limited sense he is right. The majority 
of the deaths from chloroform have been duo to wrong teaching, and it is not the unfortunate 
chloroformist in far-off Australia w^ho ought to be punished for losing his patient, but those 
leaders of our profession who, by their obstinate and persistent advocacy of erroneous principles, 
send forth from our medical schools year a^er year numbers of , young medical men who afe 
ignorant of the proper method of chloroform administration, and are confessedly unable to 
administer it with safety. A portion of Professor Wood's address consists of an attempt ‘to 
divert the question of anaesthesia into a side issue on the qualities of different races of dogs 
and he puts forward tho amazing and ridiculous contention that the heart of a dog in India 
is much less sensitive to chloroform than the heart of a Jog bred in horthern climates. If thitf 
were true, it would only be necessary to raise the temperature of our operating rooms to 80® 
to ensure perfect safety, ^Operations must in future be performed in the hothouse, that is all. 
Professor Wood says : “ Further, in a recent letter to mo, * Sir Joseph Fayrer affirmed the 

extraordinary safety of chloroform in India, and stated that ho knew of no death from it as 
having occurred in that country, although its use is universal.’^ Sir Joseph Fayrer left India 
in 1871, Since Sir Joseph left that country the old Scotch principle of chloroform administra- 
tion which was in his time almost universal has been largely replaced by other principles, and 
several deaths have taken place. I know of six, and five of the six have occurred since 187^, 
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Sir Joseph Fayrer’s letter therefore merely confitms my 02 )inion that the report of the Glasgow 
Committee, which was published in 1879, and was founded upon insufficient experiments, has 
done infinite harm, and is chiefly resi)onsible for the fatality from chloroform during the last 
ten years. Dr. Japies Dunlop also states :* “ Within the last ton years the deaths under 
chloroform in Glasgow have been more numerous than they had been in the previous decade.” 

•Professor Wood next proceeds to re-examine tho clinical facts. “If any credence is 
to be attached to the statements of competent witnesses who have recorded human deaths 
during ansosthesia, it is certain that in some cases under the influence of chloroform the pulse 
and the retpiration have ceased simultaneously, whilst in other instances the respiration has 
failed before the pulse, and in still other cases the jnilse has ceased its beat before the respira- 
tory movements were arrested." Kothing is more certain, however, than that it is unsafe to 
attach credence to those whom Ih'ofessor Wood si.yles the com 2 >ctent witnesses who liavo 
recorded human deaths during anrosthesia. The reports of chloroform deaths are utterly 
WQjthloss and unrelial)le, because there is no ind('])ondent i.)erson i)re8ent who can take notes, 
and who jvill not interfere, althoiigli he sees the inevitable death a 2 ) 2 )roaching. Professor Wood 
then comjpares hif^* clinical facts, which you now see are of no value, with the results of 
observations made on animals, lies states that he and his colleagues definitely i)rovod that 
in “ the dog chloroform has a distiiKjt, direct paralysing influence on both respiration and 
circulation : that the respiration may cease before the heart beat, or the two functions bo 
simultaneously abolisl led ; })ut iliat in some cases the lieavt is arrested before resj)iration. Wo 
have several times seen ilie respiration continue as long as one and even two minutes after 
tho blood-pressure has fallen to zero, and the pulse has completely disappeared from tho 
carotid artery.” 

Professor Wood hero makes the same mistake as was made by Dr. Lauder Brunton 
on the very last day of the Hyderabad Commissioirs exijcriments. No one who was jiresont 
will forgot the exciting scene when Dr. Brunton, wdio was watching the Fick manometer,* 
called out that the heart had stopped, though the dog was still breathing. The excitement 
reached a climax when a needle ihriist into tho hoiirt showed that it was boating vigorously ; 
and we restored the animal easily. On another occasion everybody in the room thought a 
dog was dead, when it was not. Tho fact that there is no carotid jiulse is no proof that the 
heart has stopped. Professor Wood continues ; “ The correctness of our experiments wo claim 
must be acknowledged. I do not desire to exjiross any doubt whatever as to the correct- 
ness 6f the experimental data of Dr. Brunton. [Why not of tho Hyderabad (.Commission ?] 
*1 simply claim that bofli sets of oxjieriments, although they have yielded different results, 
have been correctly and properly performed.” The results being irreconcilable, either 
the experimental data of Professors Wood and Hare or those of the Hyderabad Commission 
must be incorrect. The question wo have to decide is which of tho two are wrong* 
Professor Wood asserts that his experimental data correspond with his clinical facts. But his 
clinical facts prove nothing whatever, except that, if part of tho chloroformist’s attention is 
devoted to the* pulse in chloroform administration, deaths occur. Professor Wood’s experi- 
mental data, like his clinical facts, do not prove that chloroform directly affects the heart. 


Vide The Lancet of Sept. 27tb, 1890. 
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The cases Jie brings forward as 'instances of de&th from stoppage of the heart in animals 
are not snpported by any evidence that the heart had stopped beating when he assumed that 
it had because the blood-pressure was low and the carotid pulse could not bo felt. We must 
have more information regarding Professor Wood’s methods before we can accept his con- 
clusions. He probably used a mercurial manometer. In our experiments the pulse was often 
visible on the Pick, or glycerine, manometer long after it had disappeared on the mercurial 
manometer ; and the needle in the heart would beat long after the Pick tracing was reduced 
to a straight line. , 

The clinical facts which led to the formation of the Hyderabad Chloroform Qpmmission 
are very different from those of Professor Wood. They consist of an almost unbroken series 
of 45,000 cases of chloroform administration, extending over forty years. In this long series 
of cases the chloroformists were guided as to the effect of the chloroform entirely by the respir- 
ation, and there was not a single death. In strict accordance with these clinical facts the 
experimental data of the Hyderabad Commission prove (1) that the administration of chlcyo- 
form is free from risk if the breathing is perfectly regular throughout •and the inhalation is 
stopped as soon as the animal is fully under its influence ; (2) that chloroform never causes 
death by sudden stoppage of the heart ; (3) that death from chloroform is always the result of 
an overdose ; (4) that the danger of overdosing is enormously increased by holding the breath, 
struggling, asphyxia, or anything which causes the patient or animal to take gasping inspirations ; 
and (5) that the inhibitory action of the vagus nerve, which is called into play in threatened 
and actual poisoning with chloroform, is a safeguard. The safeguard action of the vagus was 
discovered by Dr. Bomford, and its true meaning was subsequently worked out by Drs. Bomford 
and Brunton, and no physiological discovery that has been made of late years can compare 
with it in practical importance. It was never mentioned or alluded to at the Berlin Congress. 

We are now able to institute a comparison between the value of Professor Wood’s 
clinical and experimental data and that of the clinical and experimental data of the Hyder- 
abad Commission. Professor Wood’s data lead to nothing more than an admittedly unsafe 
method of chloroform administration. The Hyderabad Commission demonstrates that by 
proper attention to the breathirig chloroform can be administered with safety in any 
part of the world, No one is in a better position than I am to appreciate the worth and 
significance of the Hyderabad Commission’s researches. For twenty years before the Com- 
mission was appointed I had given chloroform and taught hundreds of* students to give 
it with unvarying safety. I took no part in Drs. Brunton’s and Bomford’s experimentfi, but 
I had the supremo satisfaction of looking on and watching the gradual development of the * 
proof of the truth of Syme’s principles. I now know scientifically, what I knew before 
empirically and it is diflSicult to overestimate the difference* Formerly I taught my students 
to be on the alert for the warnings which are given by the respiration in chloroform admin^ 
istration, by which danger can be averted. We frequently gave patients overdoses, and were 
obliged to draw forward their tongues, or occasionally even to employ artificial respiration to 
restore them, I now teach you that the true art of giving chloroform, — an art which any 
intelligent medical man can acquire,— consists not only in concentrating your attention on the 
breathing, but in keeping it absolutely regular throughout the administration, and in stopping 
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the inhalation whenever the breathing is irregular, and direct^ the patient is fully .under the 
influence of the ansssthetic. We never have trouble now from overdosing ; you rarely see 
respiratory embarrassment in my operations, and during the last year, since the Commission 
completed its work*, we have not had a case in which stoppage of the respiration has occurred. 
Professor Wood finds ether is as bad as chloroform in the laboratory. Clinically it does not 
kill so many people, because it is not pushed so far. In many cases, partial ansBsthesia is con- 
sidered sufficient when ether is used. Professor Wood has found out also that atropine, caf- 
feine, and alcohol are not beneficial in chloroform administration, and that digitalis is. He has 
only to study our report and the vagus experiments to understand why. Anything which in- 
creases the rapidity of the pulse increases the rapidity with which chloroform is convoyed to 
the nerve centres, and if alcohol, or atropine, or caffeine does this they are bad. But alcohol 
does not always increase the rapidity of the pulse. Very often if a patient is frightened a 
small dose steadies and slows the pulse, and gives him confidence ; and in so far as it does this, 
a preliminary dose of alcohol does good in operations under chloroform. 

Before bringing this lecture to a close, I desire to call your attention to a paper by Dr. 
James Dunlop in ^Jlie Lancet of September 27th, 1890, as it has an important bearing on 
Professor Wood's address. Dr. Dunlop’s paper consists of observations on the administration 
and dangers of anaesthetics, in reply to The LanceCs circular calling upon scjientific medical 
men throughout the world for information on the sul^ject. Dr. Dunlop states that “the skilful 
administration of the anaesthetic includes attention to tJie as well as watching the respira- 
tion ”, and he gives numerous instances of death under chloroform from what he calls asphyxia 
and syncope. Dr. Dunlop’s paper emphasises the truth of what I have already stated with 
regard to the worthlessness of Professor Wood’s clinical facts, and it affords additional evidence 
that if part of the chlorofonnist’s attention is devoted to the pulse in chloroform administration, 
deaths occur. It must be clearly understood what is meant by attention to the pulse in chloro- 
form administration. Any surgeon who can give chloroform safely can keep his eye on the 
pulse. Towards the end of long operations I often ask my students, just as Mr. Syme used to 
ask me, “How’s the pulse ? ” This is quite a different matter from watching the pulse for 
signs of danger from the anaesthetic — which is both unnecessary and dangerous. It is unne- 
cessary because no reliable'information as to the effect of chloroform can be obtained from 
the pulse, and it is dangerous because if over the administration of chloroform is pushed 
far enough to cause the pulse to show signs of failure of the heart, the limits of safety have 
already been so fat exceeded that a fatal result must almost inevitably ensue. 

It is strange to find a surgeon of Dr. Dunlop’s standing writing of deaths under chloro-* 
form occurring from asphyxia. The Hyderabad Commission has pointed out that the only 
danger of a9ph}rxia, as of holding the breath, in chloroform administration, is that it makes 
patients gasp and so take in an overdose with extreme rapidity. Dr. Dunlop asserts that 
death? from syncope occur early in the administration of chloroform. He says ; “ A small 
quantity of concentrated vapour without any air administered to a nervous, timid patient has 
proved fatal. A healthy florid-faced young man had chlorofrom administered to him 
in private by a surgeon who had gained much experience of chlbroforming in the 
waiids of the Royal Infii^ry. The chloroform was administered on a folded towel, 
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three or ibur drachms having been {loured on. While the patient wa» counting, and 
when he had reached the number twenty-five, his face became at once pale and 
blanched, the pupils suddenly widely dilated, and no pulse was felt at the wrist. The young 
man was dead.” in order to understand the cause of the young , man’s death, you 
must consider Dr. Dunlop’s account of it carefully, and remember that it is impossible to 
make any patient (or animal) inhale concentrated chloroform vapour without any air, unless 
you either cause him to gasp, by making him hold his breath or by asphyxiating him, or first 
render him insensible. From Dr. Dunlop’s statement it is clear tjiat the young man was made 
to count while the chloroform was held over his face on a towel. No surer method of making 
him gasp could possibly have been devised. Try it yourselves without chloroform, and tell 
me if counting and regular natural breathing are compatible. But with chloroform close to 
the face, it is certain that if you try to count you must gasp after e^■ery number, or after every 
few numbers. In fact, counting must lead to gasping much more quickly tlian holding the 
breatV because the lungs are emptied by the process. You remember a case which occurred 
here the other day. When a j^n-tient was nearly under chloroform he suddenly began to try 
to speak, and went on muttering — er — er — er — ” for a long time w ithout taking a 

breath. 1 told the student to remove the chloroform cap from his face, as the patient was 
sure to gasp, and after a few seconds more the gasp came. Fresh air entered the lungs, and the 
patient recommenced breathing regularly, and very soon w'ent over ; but if the cap had been 
kept near his face, ho would have inhaled a large dose of chloroform, and might have been 
at once poisoned. Substitute counting for the noise our patient made, and you have the true 
explanation of the cause of pvcjrdosing and death in Dr. Dunlop's case. Dr. Dunlop says no 
disease was found in any of the young man’s organs on })ost-mortem examination, and adds : 
“ Strange as it may seem, disease of valves, hypertrophy of walls, cardiac murmurs of all kinds 
give no trouble during the administration of chloroform.” According to this teaching, the 
more healthy a man’s heart is the more certain he is to be liable to sudden death from syncope 
under chloroform ; and if this is to become part of our belief, we shall soon have to refuse 
chloroform to anybody wdio has not a diseased heart. This is on all fours with the text-book 
teaching with reference to shock under chloroform. It is not the capital operations like 
amputations which are said to be dangerous from shock under chloroform, but only the trivial 
ones, like the operation for squint or for ingrowing toe-nail. In order, therefore,, to make the 
operation for squint safe under chloroform, the patient ought first to have his leg oflf I Yoh 
may believe me that there is no such thing as chloroform syncope, and that all deaths from 
chloroform are due without exception to over-dose. You never hear of syncope except in the 
practice of those who do not know how to give chloroform wdth safety ; and when once the ' 
truth is accepted, as it must be eventually by the whole profession, chloroform syncope will 
disappeai* into the region whence it came* 

It is now time to ask what are the results of The Lancei^s call for clinical expei^enoei 
It seems to me that sufficient evidence of the most crushing hind has been accumulated in 
The Lancet for 1890 to show that if the chloroformist’s whole attention is not directed to the 
l*espiration, so as to keep it regular, deaths are inevitable. First, we have had the statistics of 
Jlr. Boger 'Williams (vide The Lancet^ Feb. 8th, 1890), to show that one patient dies in 
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every 1,236 caees of chloroform administration at St. BanholomeVs and the ether large 
London hospitals where the pulse is taken as a guide* Then we have Professor Wood’s state- 
ment that carnage ” still goes on when chloroform is given in accordance with his own 
principles ; and no^ we have Dr. James Dunlop asserting that the pulse must he attended to 
as well as the heart, and boasting that only three rases are killed by chloroform in Glasgow 
alone every year.* Why are we to continue to study only the experience of those surgeons 
who cannot give chloroform safely ? Why does not The Lancet ask the men who do not have 
deaths to give us their experience for a change ? It is imperative that, in addition to clinical 
experience of the latter variety, The Lancet should call for the opinion of the whole profession 
on the angBSthesia controversy. The report of the Hydora])ad Commission was published in 
the leading medical journal last January, and many letters and criticisms on it have appeared 
since. A careful study of The Lancet for 1890 will enable every general practitioner in 
Great Britain to form an impartial opinion as to the merits of the case. The votes of tho 
majority will then decide whether the teaching of tho Hyderabad Commission or that of Pro- 
fessor Wood is thought to be more likely to conduce to tho interests of the profession and tho 
public ; and I haye no ft^ar what the verdict will be. 

Finally, l^r. Dmilop states ihat ‘‘every intelligent assistant I have had durimj the last 
ten years has felt happier during an operation when ether was used than when chlorofonn was 
administered.'” This is not at all surprising. Ho assistant can give chloroform happily or 
safely if he is always in dread that his patient may die suddenly. As long as the belief 
prevails that one of tho dangers of chloroform is sudden death by stoppage of the heart, and 
the chloroformist watches the pulse for signs of heart failure, deaths will occur. It is high 
time this reproach to our prob'ssion and opprobrium of modern surgery should be put an end 
to ; and if surgeons will not put an end to it themselves, the administration of chloroform 
should be prohibited by law until the teaching with regard to chloroform syncope is altered and 
brought into conformity with the conclusions of tho Hyderabad Commission. 

LETTKR FROM SniJOEON^MAJOu P. R. CABBETT. 

To TJiE Editoks of “ The Lancet”. 

Sms,— 'Having noticed in your columns several letters and addresses on the jidministra- 
tion and effects of chloroform, and the diversity of opinion that appears to exist on this import- 
ant question, I should like to record what I have myself witnessed during the past eighteen 
months. By the kind permission of Surgeon-Major Lawrie, the Principal of the Hyderabad 
• Medical School, I havef been present at numerous and severe operations performed by that 
surgeon at the Afzul Gunj Hospital ; and during this period I have never seen the slightest ill- 
eflPects result from the administration of chloroform, though sometimes in abdominal operations 
the patient has been kept under the influence of tho anaesthetic for from an hour and 
a-hatf to two hours. It has always been given by one of the native students of the school, 
either male or female, apparently with tho greatest confidence and ease on their part, following 

* It is'fair to Dr. Danlop to state that he is the apologist of others, and that in some of the deaths under chloroform 
whioli he reports the respiration is believed to have been watched, and not the pulse. It is evident, however, that it is no 
good to watch the rcsi»iration in chloroform administration if disaster is deliberately courted by the adoption of ■ a plan so 
fraught with danger as making the patient count. 
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tbe principle taught by Burgwn-Major La^e, namely, to concentrate the whole of their 
attention on the breathing of the patient, and not to pay the slightest regard to the heart or 
pulse. 1 understood that it had been clearly* and satisfactorily proved by Dr. Lauder Brunton 
and the Hyderabad Commission that chloroform did not prove fatal by sudden stoppage of the 
heart ; yet very little attention seems to have been paid to the addresses of Dr, Lauder Brunr 
ton or Professor Wood at the Berlin Medical Congress last August, when the views expressed 
by these gentlemen were distinctly opposed to each other. The profession in general are there- 
fore left as far as ever from a sound and definite basis for the administration of chloroform, 

I am, Sirs, yours truly, 

P. R. GABBETT, 

Secunderabad, Deccan. Surgeon-Major, Medical Staff. 


ARTICLE BY Dr. DUDLEY W. BUXTON, 

[RepriiUed from “ 'I'lte Lancet ” of Decemher !<}<//., 1890.] 

One of the dangers of controversy is the almost inevitable crystallisation of the thought 
of those who advocate, or press, the negative of any question. There is certainly some fear in 
the present juncture, lest the common-sense side of the chloroforii' question should be loft out 
in the cold, while wo hotly discuss the imdus opcraiuli of its death-dealing properties. On the 
present occasion 1 hope to draw attention as concisely as possible to the various practical issues 
involved in my title. Chloroform, I take it, cannot, even if we would, bo laid aside ; it possesses 
properties so valuable and so useful that it will, perhaps for over, remain a favourite anaesthetic 
with many operating surgeons and obstetricians. The main considerations, tlion, for practical 
men are : How far is it a dangerous agent, in what does its danger consist, and can this danger 
be abrogated or minimised so os appreciably to render the peril beyond ordinary computation 
either by methods of administration or other means ; and, lastly, how does it compare, as far as 
absolute safety goes, when placed side by side with other anaesthetics ? “ 


It may be said that the present time is hardly ripe for opening such an inquiry, since 
the subject is still to be farther elucidated by the clinical report promised us by the Editors of 
The Lancet. But we should remember that from its very nature sueh a report must be devoid 
of personal colour, being statistical, so that the experiences of practical anaesthetists can neither 
forestall nor be devoid of value whatever may be the finding of The Lancet Chloroform In- 
quiry. Death under chloroform is, unhappily, a frequent occurrence. We hear of a' few 
deaths, probably not all, and if we accept 1 in 8,000 as a working estimate of their frequency 
we are probably within the mark, although Surgeon-Majof Lawrie says he has given ohloro- 
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form five or ton times daily for fifteen yeai-s witlloiit a casualty, a mean of 40,t)00 anaes- 
thetics ; and other exceptional estimates have boon given by Baudens, 1 in 10,000 during the 
Crimean War, and Hunter McGuire, 1 in 15,000 during the Secession War. These deaths may 
bo due to — (i) impure chlorofonn ; (2) careless anajsthetisation ; (3) careful but faulty methods 
— ^in any of which events the chloroform is not to blame ; (4) the direct eflect of the anaes- 
thetic, ^due to its intrinsic properties, and unavoidable by care, skill, or the most approved 
methods. 

• 

No. 1. — The impurities of (ibloroform which may ]n*oduco untoward effoct.s are free 
acid, free chlorine. These, however, always give rise to coughing, and assail the nose of the 
administrator as well as tlm jiaticmt. Ohl(»roform. when l(4i for long exposed, liberates noxious 
fumes, and should in Ihis case not used ; and chlorofonii, when given in a room heated 
strongly by illuminating gas, also decomposes, and most pungent and irritating fumes are given 
off, but only the utmost carelessness could fail to detect such a state of things. 1 think we 
may take it that hy far the greater number of cases of chloroform deaths occur in inihlic^ institu- 
tions, hospitals, &c., where the drug is in (! 0 ustant use and lor several j)ationts. We juay fairly 
say then that reason No. 1 accounts for but few cases. 

No. 2. — Is probably a more (?ommon source of danger, and is one wbicdi is likely to he 
still more prolific of evil if the holief gets abroad, as a daily papcjr expressi^d it after tlio first 
authoritative statement, that the heart was unaffected by (ddoroform, that taking this aiuesthe- 
iic possessed no more danger than hiking a glass of whisky-and-waior. If the contention of those 
who deny primary cardiac syncope as a possibility in chloroform nai’c^osis })e just, any method 
which ensured duo rcvsiiiration and a pi^rcentago of chloroform bidow 4 per cent, must bo 
approved and be safe, unless the personal equation of tlui administrator corning in changes 
the safety to danger by his failing to watch tho respiration, &c. 

No. 3. — Undoubtedly some methods are open to grave (iavil. but by far the most com- 
mon methods employed are the o])cn mctliod, /7c., the use of lint or a towel, Skinner’s mask or 
Junker’s apparatus, and these are not faulty in principle, although dangerous in that the 
administrator may through heodlossness lessen or increase the strength of Uie anresthetic to a 
dajigerous extent. 

No. 4. — Chforoform kills, all admit, through respiratory paralysis ; while observer’s are 
divided as to whether it also («) allows death through reflex shock in a patient partly or wholly 
under its influonco, or (ft) destroys life by direct and primary heart syncope. Admitting only 
that extinction ensues through respiratory paralysis, one party atfirni, and so far justly if we admit 
their premisses, that tho duties of the administrator are really free from anxiety ; watch the 
respiration, say they, and if it fails take your measures promi)tly — artificial respiration under- 
taken before the heart has given out (secondary heart syncope) will lead to resuscitation. On tho 
other^hand, those who contend that chloroform kills directly through the heart teach us a mourn- 
ful story. Take tho utmost care, use tho most perfect method in tho most approved and conscien- 
tious fashion, watch for the inception of symptoms of danger and grapple promptly with the peril, 
and yet in spite of all a certain number of the patients will die. Both will admit the danger 
86 
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from heart syncope secondary to respiratory ..failure,* and both vAll submit, that such deaths 
should not occur ; that they mean in many ceases carelessness and deviation of the anaesthetist’s 
attention from the patient, and both will assert that most of such patients can be brought out of 
their peril by prompt and skilful employment of artificial respiration, &c. It then becomes 
necessary to consider the evidence upon which these rival schools of thought and teaching base 
their opinion and practice. In this connection I would point out a most .valuable source of 
information which has up to the present been but lightly laid under contribution, and which is 
capable of furnishing the most valuable testimony. I refer to the frequent cases which are met 
with by those who have a large practice in chloroforming in which untoward symptoms occur, 
but which not ending fatally are not recorded in the medical press, and perhaps noticed only 
by the chloroformist himself. 

Upon the question of primary hoari failure the Ilytlorabad Commis.sioi» have definitely 
assumed the position that respiration always fails before cardiac syncope ; in other w'ords, that 
cardiac syncope is invariably secondary. The immense care with which the work of the (Com- 
mission was conducted, the great ludp it received from the oxpf^rienct^ of Surgeon-Major Lawrio 
in chloroforming and that of Dr. Lauder Bninton in physiological research, render its conclu- 
sions of especial value, and justify us, I think in saying that if primary heart failure from chloro- 
form is a delusion the Hyderabad Commission were competent to prove the same up to the 
hilt. The evidence adduced is now' common property, so that detailed ([notation is needless. 
In chloroforming considorahly under one tliouwind dogs, rabbits, &c., tlw^ Commission failed to 
induce. primary syncope, and Surgeon-Major LawTie in, say, 40,000 inbalaiions in human beings 
the hulk of wdioiti w'o may assume w^ere Asiatics, no'ser lost a patient. Two classes of fatalities 
occurred among the low^er animals — (1) death from failure of respiration, and (2) accidental 
deaths, the cause of which the report fails to recognise, except that it assumes it was duo to an 
overdose. An effort was made to' bring about fatty changes in the dog’s heart by giving 
phosphorus, &c., but (n en then primary heart failure did not occur, nor wn^re tlio Commissioners 
able to show any evidence of shock occurring in the lower animals whilst under chloroform. 
If this brief statement fairly represents the outcome of the Hyderabad Commission’s w^ork, 
we find their evidence to be wholly negative upon this important .matter. But the question of 
primary heart failure does not rest solely upon the negative evidence mentioned above. Snow 
and the older authorities fully recognised the condition ; and the Glasgow Committee, both in 
their original and recojit reports, have distinctly asserted that oven among the lower animals 
primary heart failure occurs, whilo it has been left for Trofes-sor Mae William of Aberdeen 
to explain the modus opemndl of the prejudicial action of cliloroform upon the heart. Again; 
the independent testimony of Professor Wood of I^liiladelphia has boon given to the occurrence 
of primary heart failure under chloroform, and quite recently he bad been at •'the pains of 
re-investigating the matter, with a result confirmatory of his original decision. Keverting to 
the careful research of Professor MacWilliam, wo find the following phenomena narrated and 
graphically recorded by an ingenious arrangement of apparatus. Auimajs kept under artificial 
respiration worked by an arrangement which ensured equal and tranquil breathing, and at the 
same time enabled the operator to give any definite percentage of chloroform, were watched to 
Bee what effect the chloroform so given had upon the heart. This effect is notable. The heart 
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muscle relaxed, and dilatation took place, leading, of course, to gradual failure of circulation, 
Up to a certain point this give” of the heart muscle was recoverable, and upon chloroform 
being stopped the heart regained its normal tone and contraction. Other phenomena asso- 
ciated with the actign of chloroform upon the heart are summed up under the term “ delirium 
cordis,” or a rhythm of the heart muscle leading to futile contraction of portions of the myo- 
cardium without assisting the viscus to effectually contract and expel its contenis. In some cases 
the dilatation was sudden, and all efforts at resuscitation failed. These results are important, 
in so far as they are positive, jiot negative, and because they are demonstrable ; the heart is 
seen to undergo dilatation and to contract up to its usual capacity, or to give out altogether, as 
the case may be. We have, then, to a certain extent, a conflict of opinion — the one based 
upon negative, the oilier upon positive evidence, at least in the fiolil of experimentation ; but 
I submit neither view can be allowed to go wholly unquestioned when ’we pass from dogs and 
monkeys to men. It seems consistent to examine how far the one or the other opinion is borne 
out in our experience in hospital and in private practice. 1 find that in most hospitals the 
directions are carried out whitdi the (ommittee of the Royal Medico-Chirurgical Society pro- 
mulgated 'in and which are junctically those re-asserted in 188P. by the Hyderabad Com- 
mission, tv';., recumbent j^osturo, loosened dress, &e., and that the pulse is watched, — an injunction 
which the more recent Commission strongly r(q)uditite3. And yet I find deatlis constantly 
occur, and tlu^so d(^alhs arise, we are f old by the chloroformists, from primary heart failure. 
Respiration, it is asserted, does not fail first. It is Goiiipetxint for a dispassionate commentator 
to say that the hurry and excitement of a chloroform death are such that mistakes are easily 
made, and that it is a well-known fact that the thorax works as if in respirivtiou even when no 
air can enter the lungs ; but, granting this, we have to remember two facts. The “ first aid ” 
to those in danger from chloroform is now widely known : the tongue is dragged out, and 
artificial respiration is started as soon as danger threatens. The other fact is that when the 
danger is duo to primary respiratory failure these measures restore life ; when due to primary 
cardiac failure, they fail. Do most of the cases of peril undei* chloroform recover or succumb ? 

Sir iJoseph Lister, in his classicjal article on chloroform in ‘‘ Holmes’ System of Surgery” 
tells us tliat ho has saved more than one life by directing attention to respiratory difficulties 
under chloroform. But chloroformists are not so careless as to neglect the olcunontary law of 
the anmsthetis*t, to permit nothing to distract his atteniion from his patient. Again, the 
fact that Snow and Clover each mot with deaths proves that such events, how(iver they may 
be lessened in numlljer by skill and care, cannot be reduced to a vanishing i)oint. A further 
.consideration which 1 am ftblo to adduce from my personal experiences is ibis, that of tlie very 
large number of patients to whom it has been my duty to give chloroform, or the substance 
called meth 3 deno, a certain percentage have given me anxiety. My plan is to use Lister s open 
method or Krohne and Sesemann’s recent and useful modification of Junker's inhaler, the 
flannel cap face-piece of which permits a free current of air to pass through it. I also make it 
a rule to tost the vigour of respiration by placing my hand over the mouth, to watch ihe colour 
of the patient’s fiice and ears, and to keep a finger upon an artery, always testing the initial 
rate and force of the pulse in that artery at the commencement of the operation. Pro- 
ceeding in this way I have sometimes found that the heart flags even when respiration, 
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judged by the eye and the plan above mqptioned, shows no alteration ; that not only is 
there evidence of general feebleness of circulation, which might bo attributed to the fall of 
blood-pressure, regarded by the Hyderabad ‘Commission as protective, but that distinct and 
unmistakable cardiac enfeoblement occurs. Further, this is progressive^ and likely, it has 
appeared to mo in more tlian one case, to end in cardiac syncope unless prompt and vigorous 
measures wore used. Inversion, which undoubtedly would bo highly prejudicial in chloroform, 
danger due to respiratory paralysis or asphyxial conditions, proves highly etficacious in such 
cases of cardiac and circulatory enfeoblement. In contending tliat a fall of blood-pressure is 
protective, I think a most im{)ortant factor has boon left out of considenition. For granted 
that such a fall leads to lessoned intake of the narcotic vapour, it also dcjtermines a lessened 
output of that which still circulates in the blood. Things being equal, I believe that cliloroform 
acts more harmfully upon poorly oxygenated blood and tissues, the anfemic, the cyanotic 
those whose circulation is depreciated by fatty changes in their heart and other viscera, than upon 
those better supplied with ox3"gen. On tlie other hand, easels present themselves when, from 
the nature of the operation, the chloroforming is complicated by partial asphyxial and these 
offer a contrast in that their danger reveals itself in respiratory difficulty l(»a(ling even to cessa- 
tion of breathing. I have found, how^ever, that such cases responded readily tu artificial res- 
pinition, and danger was over, W ords give a poor idea of the contrast presented between 
these two categories of cases, but one has onl}'' to he brought face to face with them to be con- 
vinced that their difference is one of kind and not one of degree. Again, having once seen the 
heart relax and dilate under chloroform, as in Professor MacAVilliain’s experiments, one recog- 
nises the anatomical t>ounterpart of the procession of events which one had encountered again 
and again in the operating theatre. It would subserve no useful purpose to attempt to explain 
the discrepancies which appear between the experiments undertaken by the Hyderabad Com- 
mission and those of other observers, or to reconcile these results with those arrived at by the 
daily observations — now hundreds of thousands in number — made by medical practitioners in 
surgical cases, but it may be mentioned that it has been amply shown, by experience with the 
lower animals and man, that the more highly organised and differentiated nervous systems are 
more easily affected by reflex shock. Fainting caused by emotion, common in man, is not a 
daily occurrence among dogs or monkeys. 

It may be remarked that it is singular that Professor Mac William’s dilatation was net 
discovered by the Hyderabad Commission, Tlio conditions, however, were wanting, for 
their animals were permitted to die or get in c^rtrernis through respiratory difficulties so that 
stress of the aUcTsthetic w^as made more evident in most cases fjvn tlw respiration than the * 

heart, although some of the cases must undoubtedly have revealed the condition had it been 
sought. A further point noticeable about dogs is that they are peculiarly susceptijjk) to respira- 
tory failure under chloroform, and in performing physiological experiments upon them the 
utmost care has to be used unless artificial respiration be employed to prevent death* from 
cessation of natural broatliing. 

Under the last heading I inquired what conclnsions practical men must arrive at when 
. comparing chloroform with other ansestheticH, and here 1 will not press tho point beyond 
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instituting a rotigh<ind-ready comparison between chloroform and other, when * both are 
administered by skilled persons (mipl eying good methods ; and 1 am bound to say that ether, 
whatever may be urged against it, lias fewer deaths to account for than chloroform. Tt has 
been said that chlouoform kills at or during the operation, whereas (dhor kills al'torwards. This 
is not my experience. One’s kind surgical friends usually kec*]) oik^ well informed of un- 
toward ^results following or trficeablc to the anaesthetic, and yet I have not. found ether after- 
effects more severe or dangerous than those arising from chloroform. The suhje^ct of this 
communication is the administration ot* chloroform, so that 1 will dismiss this other digression, 
and concliuh^ by in(|uiriug, \Vhcre does the above reasoning concerning chloroform leave us ? 
1 submit there (exists a considerable bulk of direct evidence pointing to the truth of the 
existence of primary heart failure under (hloroform, due to a distinct anatomical result of the 
anaesthetii^, and that disregard of the pulse must tend to induce the aiunsthetist to overlook the 
impending danger, whiles a careful watch over the colour and pulse, on the other hand, would 
give timely warning for in(‘asur(is to h(‘ adoph^d \Nhich would stave off* i]m peril. Respiration 
must, of courses, also be noted, as death may arrive through that channel. 8kill and a lively 
sense of responsibiiity, which is not fear of chloroform, will do much to lessen deaths from that, 
anaesthetic, hut I submit the courages or ix'cklessmvss begotten of a false sense of socnirity must 
only end in still furth(»r increasing th(' d(iath-rat(? from chloroform, already nnneemsarily high. 
While tlnis contending that (blorolorm kills through tlie lieart as well as the respiration, 
1 would not be understood in any way to deprecate its use and value in suitable cases, Rocanse 
we recognise its dangers it do(\s not follow that, thoscs dangers assume an exaggerated appearance 
indeed, th(i rciverso eff*(^ct is likely to obtain, especially if we at the same time learn how to 
recognise and guard against them. 

Mortimer-street, W. 


ANNOTATION. 

From “ The Laneeir 27, im. 

In the course of his j^osidential address, delivered at the annual meeting of the South- 
Western Stat^ Medical Society of Ohio, J)r. J. C. Reeve reviews with some care the expe- 
phince of American surgeons concerning deaths under chloroform. Reports of such casualties 
occurring in the States lead him to tabulate the following as causes of death : — ( 1) Sudden 
death during the stage of struggling or excitement, and this form he finds to occur with alarm- 
ing frequency. (2) Death* from respiratoryfailure, (3) Death from cardiac paralysis, the heart 
ceasing to beat while respiration goes on. (4) Death when respii’ation and circulation appear 
to stop simultaneously. As to frequency, deaths from cardiac fixilure are said to he largely in 
excess of those due to respiratory paralysis. Dr. Reeve criticises the results arrived at by the 
Hyderabad Commission on the grounds that the number of their experiments was too small 
when as good a record is extant as 1 death in 28,000 administrations, Confederate Army ; J in 
15,0(J0 (Hunter McGuire). Heiidds that such records do not represent the true mortality, as 
some hospitals show as high a rate as 1 death in 200 administrations. Dr. Reeve questions the 
validity of arguments based upon experiments made upon the lower animals, pointing out that 



286 


it is a welt substantiated fact th^lt drugs do no^ always affect human beings and the lower ani- 
mals the same way, elaterium kills dogs but does not purge them, pigeons bear enormous 
doses of mori)hmo, and rabbits cannot bo killed with belladonna. The weight of clinical evi- 
dence alike of England (Snow), Germany (Kappelor), and America, ^r. Reeve avers, is 
entirely against the JC^^onmiission’s finding that primary heart failure does not occur in chloroform 
narcosis, and cases are cited in w hich it is siated the heart stopped before respiration ceased. 
Ho concludes by saying: “ 1 protest, in the interest of patients, against the doctrine that chlo- 
roform can bo administered wdth absolute safety and Dr. Roewo insists that such a conclu- 
sion can only bo arrived at by “ ignoring a vast amount of evidence, both experimental and 
clinical, — evidence which outw’eiglis all theories and all doctrines, no matter whoso names may 
be appended to them.” We consistently with our motto, Audi alteram partem^^' can at present 
only weigh evidence, and are most willing to receive testimony both*for and against the views 
which have been advanced by Snow and Clover on the one hand and Syme and Lister on 
the other. 

[Dr. Reev(3’s ‘‘ vast amount of clinical evidence”, like 'Dr. Dndlay Bux- 
ton’s “ consid(3ral)le bulk of direct evidcuice pointing* to the oxistenc(3 of primary 
heart failure under chloroform”, is worthless evidence of what occurs in abnor- 
mal chloroform administration. All reliable evidence snp 2 :)orts the dictum of the 
Hyderabad Commission that Jiormal chloroform aiueslliesia is free from risk.] 


ARTICLE IN THE LANCET, Maucu 1891. 

BY 

Sitroeox-Major EDWARD LAWRIE. 

Since the publication of my clinical lecture in The Lancet of Nov. 29th, 1890, I have 
received numerous letters from Euro])o and from different parts of India requesting me to draw 
up authoritative rules showing briefly the method of chloroform administration which experi- 
ence, based upon Syme’s principles and upheld by the Hyderabad Commissions, has showm to 
ho uniformly safe: — 

(1) The chloroform should be given on absorbent cotton stitched into an open cone or 
cap. (2) To ensure regular breathing the patient, lying down, with everything loose about the 
neck, chest, and abdomen, should bo made to blow into the cone held at a little distance from 
the face. The right distance throughout the inhalation is the neared wrhich does not cause* 
struggling, or choking, or holding of the breath. Provided no choking or holding of ’ the 
breath occurs, the cap should gradually be brought nearer to, and eventually may be held 
close over, the mouth and nose as insensibility deepens. (3) The administrator’s sole object 
while producing anfcsthesia is to keep the breathing regular. As long as the breathing is 
regular, and the patient is not compelled to gasp in chloroform at an abnormal rate, there is 
absolutely no danger whatever in pushing the anajsthotic till full ansesthesia is produced. * (4) 
Irregularity of the breathing is generally caused by insufficient air, w’hich makes the patient 
■ fitinigglo or choke or bold his breath. There is little or no tendency to either of these untdward 
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events if sufficieflt air is given with the cliloroforn^. If they do ocfcur the cap must bo removed and 
the patient must be allowed to take a breath of fresh air before the administration is proceeded 
with. (5) Full anjesthesia is estimated by insensibility of the cornea. It is also indicated by 
stertorous breathing, or by complete relaxation of the muscles. Directly the cornea becomes 
insensitive, or the breathing becomes stertorous, the inhalation should be stepped. The breath- 
ing may become stertorous while the cornea is still sensiiivo. The rule to stop the inhalation 
should notwithstanding be rigidly enforced, and it will be found that the cornea always be- 
comes insensitive within a tew seconds afterwards. It is only necessary to add that the patient 
should he so dressed for an o])eration that his ivspiratory inovements can b(?i seen easily by the 
chloroformist. In the climate of India this is not ditticiili. io managt', l)ut ii. is dillicult to 
manage in the climate of Euro])o; so that in this r('S])e(!t, and in this res])ect alone, the chloro- 
Ibrmist in England is placed at a distinct distidvantnge (‘ompared with th(^ chloroformist in 
India. Proceeding in the above way chloroform never ])roduces any bad effects, and its admin- 
istration, in any case which is lit for an operation, is entirely free from danger. 

[*Tlio llydorabacl Commission niuHinivocall}" adopts tin' siigg’ostlon of 
Dr. William Mac*K\ven in tlic^ groat discussion on Anaesthetics in Glasg’ovv that 
“everyone of the patienrs respirations should registered • oii the admin- 
istrator’s tympanum.’’J 

I have di’siwii utioniion to the danger of taking the circulation as a guide as to the effect 
of chloroform,* and should not furtluu- alhido to it hut for an artith) on chloroform adjniiiistra- 
tion by Dr. Dudley Buxton in The Lancet of Dec. 1»'5, 181K). This article is by far the 
cleverest that has yet appeared from our advorsarms, but Dr. Diullov Ihixtoirs t('iaching con- 
demns itself. His plan of giving chloroiorm is — “ (1) To use Lister's o])eji method or Krohno 
and Sesomaim’s recent and useful modification of duiikcr's hihuler ; (2) to test the vigour of 
respiration hy })lacing my hand over the mouth ; (o) to watch tlu^ colour of the patient's face 
and ears ; (4) to keep a tiiigor upon an artery — always tosliiig the initial rate and force of the 
pulse in that artery at the commencement of the opojuiion.’' 

The first remarkable point in tlieso rules is that no fixed principle of chloroform 
administmtion is laid down. The chloroformist may om])loy indiscriminately the open method or 
an inhaler, accordhig to his fancy. In the second jhice, if the chloroformist ])lac*es ono hand 

over the mouth to test respiration, and keeps the finger of the other upon an artery, as Dr, 

• Buxton recommends, it is«diflicult to understand how the ansesthoiic is to bo administered, 
unless the patient is to do it himself. The severest condcunnation of the method, however, is 
to be found •in Dr. Dudley • Buxton’s owm words. lie says: “ Procoedhig in this way I 
have sometimes found that the heart flags even when the respiration, .judged by the eye 
and the plan above mentioned, shows no altenition ; that not only is ihero evidence of 

general feebleness of circulation, hut that distinct and uiimistakablo cardiac onfeobloment 

occuts. Further, this is progressive, and likely, it has appeared to mo in more than one case 
to end in cardiac syncope, unless prompt and vigorous measures were used.” This shows 


The Lancet f November 20, 1890* 
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plainly that the plan is faulty, if not impracticable ; in fact, it stands self-condemned. There 
is never any dangerous enfeehlement of the general circulation or of the heart in the method of 
giving chloroform recommended by the Hyderabad Commission. Dr. Dudley Buxton can 
readily satisfy himself of the truth of this statement by giving our method a thorough and 
impartial trial. None of our critics have done this yet, l)ut if one fair-minded man of Dr. 
Buxton’s calibre were to do so, ho would infallibly convert himself to our views, a^id the 
conversion of the rest of London would follow in time as . a matter of course. Dr. Buxton 
states that “ having once seen the hmni relax and ililato under chloroform, as in Professor 
MacWilliam’s experiments, one recognises the anatomical counterpart of the procession of events 
which one has encountered again and again in the operating tlioatre.” This statement goes fiir 
to prove tliat there must be some fallacy about Professor MacAVilliam’s exj)eriinonts. As a 
surgeon 1 ciiro very little what haj)pens to the heart when it is sul)jected to such abnormal treat- 
ment as is iiivolv(^d in laying open tlio thorax and pumping chloroform into tlui lungs in order 
to prove that it is directly aftected by chloroform. AVc might just as well ]mnip in boiling 
water, and then toll old w'omou fhey arc not to inluile steam when they got hronchitis. But it 
is interesting to he told by sucli an authority as Dr. Dudley Buxion lluit Professo ' MacAVilliam’s 
results form the anatomical countei’pari- of a method of (hloroform ad ininist ration which causes 
general feebleness of the circulation and of the heart, and tlnu’c is very little doubt that they 
do. Professor MacWilliauds premiss that heart failure is not- necessarily accompanied by a fall 
of blood-pressure is manifestly imsound, and Ids description of rhythmic cardiac relaxation and 
dilatation, under chloroform, is open to llie fatal obj(^ction that he has not shown that the move- 
inents of his base line, by which they were estimated, were not produced by relaxation of the 
diaphragm, pushing up the heart through his artilicial opening. If his heart dilatation can 
really occur without fall of pressure, or when cldoroform is proi>orly given, it must bo a 
natural condition and free from risk. 

The Hyderabad Commission has proved that there is no such thing as cbloroform 
syncope, and that in death from an overdose of chloroform the respiration always fails before 
the circulation. AVliat the liarmless fall of blood-prossuni in normal chloroform administration 
is due to, as well as what happens to the lieart after the respii*ation fails from overdosing, which 
are the only two points left open to discussion by the Hyderabad Commission, must be entrusted 
to physiologists to determine. In the tolling words of Dr. Bomford, “ it is sufficient for us' 
as practical men to know (1) that the heart is the very last organ to give in under the action of 
chloroform, and (2) that there is no more danger of permanently paralysing it in chloroform 
administration, than there is of paralysing the legs and giving the patient paraplegia.” 


l.ETTER FROM Du. DUDLEY W. BUXTON, 

To THK Editors of “The Lancet.” 

Sirs, — Surgeon-Major Lawrie’s personal reference to me calls for a brief reply. My 
paper was not intended to instruct in the elementary methods of administering chloroform, 
so I omitted debiils which I thought wore familiar to all who had mastered the subject of 
chloroform administration, and were not so wedded to one method as to allow themselves to , 
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remain ignorant of all others. The open method, or that of Syme and Simpson, is 'so well . 
and fully sot forth in Sir Joseph Lister’s article in ‘‘ Holmes’s System of Surgery,” written 
in 1861, that it appeared to me to be superfluous to describe it in the columns of a journal 
like The Lanvet ; , but since Surgeon-Major Lawrie has received numerous letters from 
Europe concerning it, and has gone to the pains of describing it, I suppose I am wrong in 
supposing that the ABC of the chloroformist’s duties are pretty generally understood. 

With regard to the second method to which I alluded, that in which Jimker’s inhaler 
is employed, I must say that your correspondent is clearly wholly unacquainted with the 
method, or he would not have permitted himself to indulge in such playful criticism. His 
humour loses none of its point when road by a person wdio is familiar with Junker’s apparatus. 

1 may just say that, with average intelligencii and common-sense, the inhaler can be used 
without necessitating Surgeon-Major Lawrie’s suggestion being carried into efleci, and the 
patient compelled “ to do it himself.” Further, the argument wdiich he adduces, v/c., that be- 
cause I had seen various degrees of heart failure and circulatory trouble, therefore my methods 
are orronepus, is an instance of what logicians cjill a peiitio jfrinripii, and proves too much. In 
the first place, the 6pen method, to whicli my remarks mainly referred, is precisely tJie method 
which the Hyderabad Commission, Ibllowiiig Syme, advocates. I as well as many others in 
Europe, learnt the method before the session of the Commission. That Surgeon-Major Lawrie 
has never seen the heart fail and that T have is not sur])rising, because ho has never felt 
the pulse or examined the action of the heart during chloroforinisation, and I have. That 
Surgeon-Major Lawrie has had many cases 1 do not for a moment doubt, only he has over- 
looked them, and as, fortunaiely, in most cases respiratory rhythm is affected pari passu with 
cardiac enfeeblement, he has seen the danger-signal qiui the respiration, and has taken mea- 
sures accordingly. 

I am further stated to give no fixed princijde of cldoroform administration, and in my 
paper, to which reference has been made, 1 admit such is the case, and for the reason above 
stated, that ray object was argumenhitive rather than didactic. In my lectures and practical 
demonstrations I believe I am dogmatic enough, but personally 1 regard dogmatism in dis- 
cussion upon scientific subjects in a scientific periodical as unseemly aiul valueless. In con- 
clusion, may !• draw attention to a sentence against which I am boimd to enter a protest ? It 
runs : “ The Hyderabad Commission has proved that there is no such thing as chloroform 
syncope, and that ift death from an overdose of chloroform the respiration al>vays fails before 
the circulation.” I subnyt the Hyderabad Commission has done nothing of the kind ; its 
conclusions wore based upon purely negative evidence, and were not warranted by the facts 
before the profession, and I am strongly of opinion that any teaching which tells chloroformists 
to ignore the pulse is fraught with danger. I am greatly obliged to Surgeon-Major Lawne 
for his courteous reforenco to myself, and can assure him that 1 constantly employ the open 
method and obey the rules he, following Syme, advocates ; but I also watch the pulse. 

1 am, Sirs, your obedient servant, 

DUDLEY W. BUXTON. 

Mortimer-street, Cavendish-square, W. 

87 
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LETTEB FRdM Suegeoni-Majob EDWARD LAWKIE, 

To THE EditoeS of “ The Lancet 

• 

2)r, Dudloy Buxton cannot bo allowed to depart from his original statement* 
He described his method of giving chloroform in the following precise terms (the italics are 
mine) : “ My plan is to use Lister’s open method or Krohne and Sesemann’s useful modification 
of Junker’s inhaler. I also make it a rule to test the vigour of respiration by placing my hand 
on the mouth, and to keep a finger upon an artery.” It is this plan which I ridiculed. Dr. 
Buxton now dexterously tries to make it appear that my criticism was directed against Junker’s 
inhaler, and that he gives chloroform on Symo’s principles, though Symo never took the pulse 
as a guide. Dr. Dudley Buxton’s plan is impracticable, and its absurdity is only surpassed by 
the 'absurdity of the method of another specialist, Mr. Rickard AV. Lloyd. Mr. Lloj^d proceeds 
to give chloroform* “ with the sprinkled lint lying on the separated fingers of my right hand 
in front of the mouth, which enables me to feel the force of expiratioi], wirli my left middle 
finger on the left temponil pulse, and my loft thumb holding up the left upper lid of Ihe patient 
and testing the comeal reflex when necessjiry.” Mr. Llo^^d thus endeavours to obtain inform- 
ation as to the state of the patient from throe if not four distinct tactile impressions at the same 
time, which is just as dangerous as it would be for one of my students to administer chloroform 
to three or four patients all at once. Dr. Dudley Buxton further states that I must have had 
many cases of heart failure under chloroform which I have ovof looked, because Surgeon- 
Major Lawrie has never felt the pulse during chlorofonnisation.” The whole of this statement 
is a gratuitous invention. All my operations are performed in public ; I have never had a case 
of heart failure, and I frequently take the opportunity of demonstrating that the action of the 
heart and the pulse are invariably regular when chloroform is properly administered. I do not 
allow the pulse to bo taken as a guide as to the effect of chloroform, because I know it is no 
less useless than dangerous. 

Finally, Dr. Dudley Buxton asserts that the Hyderabad Commission has not proved 
that there is no such thing as chloroform syncope, because “ Its conclusions are based upon 
purely negative evidence.” If Dr. Buxton were as familiar with the A B C of logic as he 
would have us believe he is with the A B C of the chloroformist’s duties, he would know that 
proof of the absence of anything must always be negative proof. The' rest of Dr. Dudley 
Buxton s letter consists of a bald statement of creed, unsupported by any explanatory reasons^ 
and does not call for further notice. 


May 11th, 1891 


I am. Sirs, your obedient seiwant, 

EDAVARD LAAVRIE, Burgeon‘-Major. 


Vide The Lahoet, April 4th, 1891. 
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. LETTER FROM Db. DUDLEY W. ‘BUXTON, 

To THE Editors of “The Lakoet”, 

Sirs,— Together with other earnest seekers after truth, I much regret the tone and 
lack of courtesy in Dr. Lawrie’s reply to my loiter upon this subject. Dr. Lawrie will hardly 
strengthen his position by accusing me of “ ’gratuitous invention,” or by the sneer conveyed in 
his sen^nce : “If Dr. Buxton were as familiar with the A B C of logic as lie would luive us 
believe he is with the A B O of tho chloroformist’s duties, he would know that proof of the 
absence of anything must always bo negative proof.” The italics are mine. Unfortunately for 
Dr. Lawrie’s argument, he quotes my words, wdiich .are “ its (/’.<?., the Hyderabad Commission’s) 
conclusions are based upon purely negative evidence.” 1 cannot suppose Dr. Lawrie can con- 
fuse the terms “ evidence ” and “ proof ” or the phrases “ negative evidence” with “ negative 
proof.” If ho does, I may perhaps ho excused if I declined to accept his views upon the rules 
governing tho constitution of the logical syllogism. Dr. Ijawrio again indulges in calling what 
ho regards as my “ methods ” by hard names ; hut this I can forgive, for he evidently does not 
undorstanUi in what they consist. Unless purely personal matters are excluded in discussing 
questions, the foundations of which are j)urely scientific, I must decline to participate in them. 
It cannot tend to increase our knowledge of the physiological action of chloroform for us to 
hear that Dr. Lawrie^ of Ifi/derahad regards Dr. Dudley Buxton’s [q/’ London 1 1] method as 
“impracticable,” and its “ absurdity only surpassed by tho absunlity of another specialist.” 
Such an unguarded manner of expression can subserve no useful purpose. 

I am. Sirs, yours obediently, 

DUDLEY W. BUXTON, 

Anaesthetist in University College Hospital. 

Mortimer-stbeet, W., Mai) 18</t, 1891. 

[Dr. Dudley Buxton accuses Surgeon-Major Lawrie of lack of courtesy, 
and if the accusation were well founded, Surgeon-Major Lawrie would apologise 
to the whole profession. But the view we take of the matter is this. If 
specialists publish their plans of chloroform administration, while adversely 
criticising the Hyderabad Commission, they can liaAm no possible ground of 
complaint if the*y are criticised, howev^er severely, in theii' turn. It argues no 
discourtesy that wo «onsidcr and know it to bo impracticable to give chloro- 
form safely or properly in the manner described by Dr. Dudley Buxton as 
“ my plan'’. 

Dr. Buxton made a statement regarding Dr. Lawrie’s practice which is 
inconsistent with fact. We have yet to learn that any lack of courtesy is 
involved • in the opportunity Dr. Lawrie afforded Dr. Dudley Buxton of 
honorably withdrawing this speculative misstatement when he pointed out 
that it was a gratuitous invention.] 



292 


• ARTICLE BY ARTHUR IJ. CUSHNY, a.m., m.b. (Aberd.) 

(FROM THE PHYSIOLOGICAL LABORATORY OF BERN UNIVERSITY.) 

“ The Lancet ”, March lUh^ 1891. 

The report of the Hyderabad Chloroform Commission has boon road with interest not 
only in England and America, but also in Germany and Switzerland, where it has aroused 
widespread discussion and comment. In the latter country osifccially, which is at present in 
the throes of a discussion as to the respective merits of the rival an.Tsthetics, the report of the 
second Commission was awaited with anxiety and received with much approbation by the 
numerous advocates of chloroform. On the decision of the Commission becoming known, 
Professor Kronecker of Bern, whoso pupils, RatimoflF and Rch(uiioy, had already shown the 
poisonous action of chloroform on the heart, suggested that I should make a few experiments 
on the subject. The details of these will bo published olsowhoro, and I will here state merely 
the general results. 

By the Ilydembad Commission no experiments seem to have been made with chloro- 
form vapour of ascertained concentration, and, as this factor seems to bo of considerable 
weight, I have used an apparatus* in which it could bo exactly regulated. This consists ot 
two wash-bottles, one-third lillod, the one with chloroform, the other with water. Part of the 
air inspired by the animal ])assos through one, pai*t through the other, and becomes saturated 
with chloroform fumes or water vapour accordingly. Tho proportion of the chloroform 
saturated to the moisture saturated air is regulated l)y two graduated stopcocks (Kronocknor’s 
Schiebhahn), Tho two currents unite, and are led by a short tube to the tracheal canula. 
Expiration is provided for by a small hole in tho sheath of tho latter, which is covered by a flap 
of moist goldbeater’s skin, to prevent tho inspiration of air wdiich has not first passed through 
the apparatus. In order to exclude all chance of asphyxial complications, and to allow a 
regular amount of chloroform to bo absorbed in a given time, tho air was driven through 
the apparatus by a machine for artificial respiration. Tho animals used were dogs and rabbits, 
and the experiments wore carried out at ordinary room tomporatiire (15° to 17° 0.). The 
movements of the heart and respiration were recorded by a heart needle and diaphragm lever, 
and tracings were taken in almost all tho experiments. In tho respiratory tracing tho curves 
formed by spontaneous respiration were combined with those caused by thv) artificial inflation 
of the lungs, but could bo easily distinguished, and the moment of cessation of the former 
ascertained. When this occurred artificial respiration was generally stopped for a few 
seconds, to see if any spontaneous movements occurred. I may here state that the heart 
needle was not found to bo an accurate index of the heart boat, as in * some cases 
it continued to vibrate after paralysis of the ventricles, owing to the continued pulsation 
of the auricles communicating a motion to the ventricles through which the needle 
passed. In all cases, therefore, in which there was any doubt as to tho condition of the 
heart, artificial respiration with air was resumed, and the heart observed directly by opening 


• Ratimoffi and Schciacy used the same apparatus in their experiments. 
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the thorax. A& soon as chloroform was apj^ied to a rabbit (except when the Vaponr was 
greatly diluted with air), the animal began to struggle and the respiration became irregular 
with expiratory gasps, or almost ceased for a few seconds. Very soon the stage of rapid 
respiration described by Knoll set in. In those cases in which the air was saturated with 
chloroform in which all the air inspired passed through the chlorolbrm botth^), this stage 
only lasted from twenty to sixty seconds. In cases in which a lower concentration was used 
it lasted much longer, sometimes for two hours, but in all the spontaneous respiration gra- 
dually got shallower without® getting slower, till it ceased entirely. The condition of the heart 
at this moment varied with tlu^ (H)nc('ntration in which the vapour had boon blown into the 
lungs. Of seven! eon nbbits chloroforiiuid with siiturahwl air, in five the whole heart continued 
to beat, in nine one or both auricles were in rapid motion while the ventricles wore still, in one 
the loft auricle alone w^as }>aralysod, while in one the whole hear! was in diastolic standstill. 
In rabbits which wore aniesthetisod with a. mixture of (diloroform vapour and air, /.c., in 
experiments in which the stopcock on the water-bottle was j)artially o[)en, the whole heart was 
invariably found beating, bui the more chloroform ihe mixture contained the weaker was the 
heart beat. Even when only four parts chloroform-boaring aii* wore mixed with ninety-six parts 
pure air the respiration ceased, though only after froiii two hours to two hours and a-balfs 
exhibition of the drug. With lower concentnitions than this 1 could not obtain narcosis, and 
did not athmpt to find how long an animal could be exposed to ihe vapour. Jiatimoff found 
that rabbits could bo kepi narcotised for six hours without the respiration ceasing. Paul Bert, 
on the contrary, found that dogs died after two hours and a-halfs constant inhalation if the 
narcosis was complete. Several dogs w<5r(i chloroformed by the same inethod, and in all of 
these, howenor concentrated the chloroform vapour, the respiratioii ceased, while the heart 
could still be felt pulsating. A rather higher concontraiion was required to keep dogs narco^ 
tised than was necessary for rabbits. 

In regard to the restoration of spontaneous respiration, in both dogs and rabbits, I found 
that success depended not so much on the length of the interval between the cessation of the 
spontaneous and the recommencement of the artificial I’espiration as on the concentration in 
which chloroform had been gi^ eii. In dogs inflation of the lungs was succcjssful iji all cases. 
In rabbits, on the contrary, it was impossible to restore life when chloroform-satumted air had 
been used, however soon after paralysis of the respiiution restonitive measures were taken. 
When a half-and;half mixture was used, throe out of eleven animals could be resuscitated, and 
with lower concentrations the proportion of recoveries increased till below 25 per cent, all 
animals could bo restoitjd. In one case, in which a 4 per cent, mixture was used, an interval 
of three minutes elapsed before artificial respiration w^as begun, and the animal still recovered. 
The chances of recovery after paralysis of the respiration, in fac.t, depend entirely upon the 
condition of the heart, and therefore on the concentration in which the drug has been used. 
If, as ns the case in rabbits, the heart is very much weakened by very concentrated adminis- 
tration, it is impossible to restore the respiration. If, on the other hand, the heart is com- 
paratively unatfected, as in dogs, or in rabbits in which the drug has been administered in a 
more diluted form, the animal can always be revived provided the necessary measures are taken 
within a reasonable time. The essential point is that the drug bo given in sufficient dilution 
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to avoid ite action on the heart/and if this dilution can be sufficiently provided^ for, observation 
of the pulse is not absolutely necessary. Although I cannot agree with the Hyderabad Oom- 
nxission that the heart always continues to beat after respiration ceases, yet the difficulty in 
maintaining the concentration necessary to paralyse the heart simultaneously with the respiiv 
ation is extremely great, and I should think that in ordinary chloroform administration such a 
simultaneous paralysis can never occur. 

As, in the great majority of my experiments, death was^due to the respiration alone, 
some experiments were made to find the condition of the medulla oblongata during chloroform 
narcosis. This question was approached by an examination of the reflexes connected with it. 
I found that these all ceased before the respiration, and returned (in cases whore the animal was 
revived) some time after spontaneous respiration had set in. The more concentrated the 
mixture, the shorter the interval between their disappearance and that of j’ospiration. The 
first to cease to act was the corneal reflex, then that on tlu^ respiration from the nasal branch 
of the trigeminus, then the swallowing reflex from irritation of the soft palate or of the superior 
laryngeal ner\’o ; and, last of all, Traube’s active expiratory reflex from expansion of the lungs. 
The reflex in dogs were not so carefully noted as in rab])its, l)at in general presented no 
marked differences. 

The respiratory centre, as Knoll has pointed out, is affected differently in different 
stages of chloroform narcosis. At first it is acted on by the refl(»xos first from the nose then 
from the trachea and lungs. Then the rapid stage of respiration sots in. This occurs after 
division of the vagi, and is due to stimulation of the vagus roots in the medulla, and not to 
stimulation of the respiratory centre itself ; for, if the latter wore the case, the result would be, 
ns Marckwald has pointed out, respiratory spasms ; whereas, after section of the medulla above 
the centre and division of both vagi, chloroform breaks up the resulting spasms into regular 
respirations exactly as weak tetanisation of the vagi does. Last of all, the centre is paralysed 
by chloroform, and fails to respond to electrical stimulation of the medulla. The blood-pressure 
was registered in several experiments in which the drug vvas adininistenni in weak concentra- 
tion, and I found that there occurred a slight rise and then a very gradual uninterrupted fall. 
In very weak form (4 per cent.) chloroform caused no j)relimiifary rise, but a slow fall from 
the very first, though so gradual was the change in pressure that it could only be seen by 
comparing the curves at intervals of ten minutes. No such sudden falls of pressure were seen 
as have been noted by some critics of the Commission, which is perhaps to bb explained by the 
abundant and uninterrupted supply of air to the lungs. I may remark that in those experi- 
ments in which the movements of the heart were registered directly, they never showed any 
sudden change, but a gradually increasing weakness, which culminated in paralysis or passed 
off, according as chloroform was continued or shut off. 

For the sake of comparison a few experiments were made with ether, and the* same 
stages were observed as with chloroform, death occurring equally rapidly if undiluted ether 
vapour was used, and being due to paralysis of the respiration alone or with accompanying 
heart paralysis. In one case delirium cordb was observed after a minute and a quarter’s in- 
halation. Babbits anaesthetised with pure ether vapour could not be revived by artificial resh 
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piration. Dogs •always ceased to respire while tly heart continiled to beat, as also did rabbits to 
which diluted vapour had been given, and the majority of those could bo revived. The reflexes 
appear to behave in the same way as in chloroform narcosis. Ether was borne in higher con- 
centration than cljoroform, and the respiration could be more certainly restored. For 
example, in one caso 8 per cent, was given for two hours without killing the animal, while 
with chloroform 5 per cent, was fatal after one hour and arhalf. This fact is the more 
striking because a very much larger quantity of ether than of chloroform is given in a 
concentration of 8 per cent. Theoretically, 2*7 times as much ether as chloroform should 
be carried to the lungs by a given quantity of air, and by actual experiment I found a 
proportion of 2*61 : 1. In both anaesthetics the action on heart and rcjspiration seems the 
same, a ditference in degree only being perceptible. Ether can be given in greater 
quantity with safety; but so long as the proiforilou of drug to air is kept , low enough 
either can be uscid with safely. The concentration nec*,essary to keep rabbits and dogs 
“ under ” chloroform is respectively four and eight parts chloroform vapour (at from 15° to 
17° C.) to ninety-six and ninety-two parts jmre air. Since, liow^ever, the concentration 
necessary to mainhiin narcosis vari(jd iti ditferenl speci(\s of animals, no infenmet} could be made 
as to that necessary for men, and iny resulls wouhl have been iucomi)lele had J not been 
enabled through the kindness of rrolessor Girard ajid Dr. Ki(dians to carry out some experi- 
ments in their operating threatn? in l>(u*n Ins(dspital. In those experiments the auflesthetic 
was given in the same way as in my experiments’ on animals, wilh the exception that, instead 
of a tracheal canula, a Y-shaped glass tube was used, the two ends litting tightly into the 
patient s nostrils. Expiration was allowed through the irioutli, but inspiration through it was 
prevented by a valved respirator. The j>atients in general did not object to the method, and 
one who had to be anfcsthoiised again some days subsequently bogged that the apparatus might 
bo used again instead of the mask. -Narcosis was attained in from live to twelve minutes by 
a mixture of 15 or 20 per cent, of chloroform, and could b(i k(q)t up by continued inhalation 
of 5 to 7 per cent, in children and of 7 to 10 j)er cent, in adults. Almost no excitement occur- 
red. Throughout the narcosis the face and conjunctiva remained rod, and in several cases the 
concentration nec( 5 ssary to ke(q) up insensibility with retention of the corneal reflex was main- 
tained. AYith ether adults narcotised with difticulty, ami only after prolonged inhalation. 
Ansesthesia was afterwards kept up by a coiicontration of JO to 15 per cent. Children pre- 
sented loss ditficulty, requiring 25 to 30 per cent, to induce insensibility, which continued 
uninterrupted with a concentration of 10 to 15 per cent. In all cases the usual increased 
secretion of tears, saliva, and mucus was manifested. The difticulty in inducing narcosis with 
'other seems to confirm the theory of many observers that ether alone is iiisufticiont for this 
purpose, and must be aided by a partial asph)Ttia. 

The results of these narcoses may be summed up shortly by saying that, to maintain 
narooMS with chloroform, a concentration of five to seven and seven to ten parts of chloroform 
Bat.irated to ninety and ninety-five psirts pure air must he adopted for children and adults 
respectively ; while if ether he used, a concentration of ton to fifteen parts saturated to ninety 
and eighty-five parts pure air is suitable for all ages. The drug may he inhaled m a slightly 
l>{gW concentration to induce narcosis, but, as soon as the eyelid reflex disappears, the above 
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proportion? should be given. The use of the aJ)ove apparatus (which will be 'more fully de- 
scribed in the Zeilsclirift filr Biologie) offers an easy method of regulating the strength of the 
inhalation, but, if the usual method is adopted; the ansDsthetic should bo poured on frequently 
and in small quantities rather than at longer intervals and in largest doses. By the latter 
method of administration the narcosis is rendered unnecessarily, and often dangerously, deep 
for a short time, and then quickly passes off ; while by the former it is kept at approximately 
the same depth throughout. 


ARTICLE BY Surgeon-AIajok EDWARD LAWRIE. 

' “ The Lancet Juhj 15 ^//, 181 ) 1 . 

The artiedo on chloroform and ether })y Dr. Arihiir It. (hishny in 2'h£ Lancet of March 
14 th, 1891 , is a. valuahle and o])])ortnno contribution to the literature of ana*sthotics, and is 
especially welcome to the Hj^derahad Commission. Dr, Cushny agrees with us in so many 
importfint particulars that it is imiiossihle to regard him as anything else than an ally ; and 
though the cause of the Commission does not require bolstering, Dr, Onshny’s experiments and 
report are the best support wo hav(^ had yet. 

Dr. Cushny agrees with us that the effect of ether is precisely similar to that of chloro- 
form only less intense, and that it is very difficult to produce narcosis at all with other apart 
from asphyxia. On the practical question he says, “ in ordinary chloroform administration 
such a simultaneous paralysis of the heart and respiration can never occur,” and ho further 
states that “ no such sudden falls of pressure w^ero soon as have been noted by some critics of the 
Commission, which is perhaps to be explained by the abundant and uninterrupted supply of air 
to the lungs,” 

On all those points Dr. Cushny is clearly a friend to be w^olcomod. Where ho appears 
to be wrong is in overlooking the effect of the residual chloroform in the lungs after he has 
finished pumping chloroform into the trachea. It is obvious that artificial respiration must be 
much more likely to fail when the air in the lungs is saturated with chloroform than when it 
only holds a ^very small proportion of the poison. The Hydoral)ad Commission succeeded in 
giving chloroform, by the ordinary method of inhalation, in such a dose that artificial respira- 
tion failed to got rid of it quickly enough to save the animal's life. This occurred in dogs ; 
and in dogs, with Dr. Cushny, artificial respiration was always successful. In those cases he 
must allow that the inspired air wus fully saturated, and in all of them every by-standor, includ- 
ing The Lancets chosen representative, Dr. Lauder Brunton, was satisfied that the heart con- 
tinued to boat after, generally long after, the respiration had ceased. Whether or how fav the 
Hyderabad Commission experimented with dilute chloroform is a matter of no consequence. 
We tried concentrated vapour, in which alone Dr. Cushny can find any danger. We are quite 
agreed that extreme concentration is dangerous, but this is so because it leads to the rapid 
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intake of an overdose, and not because there is any action on tlu^heart peculiar to any .particular 
degree of concentration. The Hyderabad Commission's experiments, where chloroform was 
injected into the large veins of the neck, show that even pure chloroform in the blood does not 
stop the heart till after it has paralysed the respiration. 

A 

It is abundantly proved that diluted chloroform, provided it is not too dilute, gradually 
causes ttn accumulation of chloroform in the blood sufficient to produce first narcosis, then 
cessation of the respiration, and finally death. A higher concentration can only bring about 
the same sequence of evenis in a shorter time. The higher concentration cannot have any 
action on the heart peculiar to itself, unless it be that ihe more concentrated vapour gives rise 
to spasm of the bronchioles, nr in sonui other way impedes tlm oxygenation of the blood, and 
so, pari? Professor MacW^illiam, affects the heart injuriously. It is impossible that the concen- 
trated vapour can act upon the heart in a mysterious way before it gets into the blood. It is 
(dear also that the harmless dilute vapour must in time accmnulate in the blood ; otherwise it 
could not bring about narcosis and cessation of the respiration. But vre may well enquire why, 
when this-point is reached, it does not then have the same effect as the concentrated vapour? 
The truth is that the concentrated vapour interferes with natural respiration and the natural 
oxygenation of the blood ; and in the Hyderabad Commission's report, and in that of 
J)r, Cushny, it is remarkable that there is an utter want of uniformity in all experiments where 
normal respiration is interfered with, and complete uniformity in all experiments with chloro- 
form inhaled in the natunil way. The concentrated vapour of chloroform cannot be voluntarily 
inhaled by man or by animals. A\Tien a patient or an animal is forced to inlialo concentrated 
vapour involuntarily, or if it is pumped into the trachea, the danger lies in the fact that when 
it is desired to stop giving the chloroform it is entirely beyond control, and though the 
administration he discontinued, the disoontinuanc(^ does not actually commoheo until the 
residual amount far down in the Imigs has been got rid of. Long before this can bo effected, 
either by artificial respiration or in any other 'way, th(5 patient may be dead, 

^ T)r. Cushny and ihe Hyderabad C^ommission are in complete accord with regard to the 
practical administration of chloroform, and have the same object in view. That object is the 
dilution of the ansesthetic to a point consistent at once with full anaesthesia and with safety 
Ur, Cushny attains this end by means of an appanitus. The Hyderabad Commission attains it 
with 0 (|ual cortaint;^ by giving the chloroform in such a injunier as to ensure normal regularity 
of the resj)imtion. Lister has demonstrated that the strength of vapour wliich can ho naturally 
inhaled on an open cone oi*on a towel is from two to four per cent. ^Vith regular breathing, 
if the number of respirations and the number of cubic feet of air inspired in a minute are 
known, the dose of chloroform inhaled in a given time can bo estimated with almost uniform 
accuracy. But if tho breathing is irregular, the intake of chloroform will ho variable and 
uncertain, and there will be danger in proportion to tho uncertainty of the dose. Lastly, if the 
vapour is concentrated so as to compel tho patient to struggle and hold his breath, tho risk of 
overdosing is • enormous. Asphyxia ensues and loads to deep gasping inspirations and rapid 
and, nuiy be, irremediable poisoning. It follows from these considerations that the strongest 
vapour of chloroform which can bo inhaled with regular natural breathing constitutes the safe 

88 
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dilution of the ansBsthetic, and that the most totworthy os well as the most universally manage- 
able guide to safe dilution must bo regular respiration. The essential factors in chloroform 
administration are diluted chloroform and regular breathing, but whatever bo the degree of 
dilution regular respiration alone ensures a measured dose and alone maintains regularity of the 
heart’s action and of the circulation. The sole raison d^etre of an apparatus is to determine safe 
dilution. But as this is definitely determined by regular respiration, and as regularity of 
the breathing ought to be assured in chloroform inhalation whether an apparatus is employed 
or not, it is evident that an apparatus is superfluous. * Theoretically the Hyderabad Commission 
has no objection to any forms of apparatus or inhaler, except tnat no apparatus can ensure 
regular breathing ; but practically wo know that their complicated nature demands some of the 
chloroformist’s attention and may lead to neglect of the all-important respiration. An appara- 
tus is therefore not only superfluous, but introduces an element of danger into the administration. 
To keep the patient’s breathing absolutely regular during the inhalation of chloroform, and to 
sustain the necessary watchfulness for the warnings afforded by tho respiration and by the 
reflexes whereby overdosing can be avoided, requires the undivided and unceasing attention of 
the chloroformist. 

I trust I have made it clear that the Hyderabad Commission has no intention of criticis- 
ing Dr, Oushny’s admirable work in anything but the most friendly spirit. We are thoroughly 
satisfied. Dr. Cushny may still think that there is theoretical danger to tho heart, but he is 
constrained to admit that it could not occur in practice. Having got so far, we venture to 
express a confident hope that ho will continue his experiments and obsor\litious, and that he will 
yet see his way to accepting the whole truth. 


THE HYDERABAD CHLOROFORM COMMISSION. 

LETTER FROM Dn. RICKARD W. LLOYD, 

To THE Editors of “ The Lancet ”. ^ 

Sirs, — In his article published in The Lancet of March 14th, Surgeon-Major E. 
Lawrie, President of the Hyderabad Commission, emphasises the importance of the respiratibn 
and totally ignores tho circulation, as a guide in the administration of chloroform," Undoubt- 
edly the respiration is essentially important, but my view, after ten years’ practical experience 
of ansesthetics, is that the circulation is also sometimes an important guide to the anassthetisf 
during an operation, and often most valuable. No method of administering chloroform will 
ensure the uniform behaviour of all patients during the induction of chloroform ansesthesia* 
The action of chloroform upon a patient is influenced by mental and physical conditions as well 
as by disease. The effects of the chloroform upon the circulatory, nervous, and respiratory 
systems, especially when they are diseased, as well as the loss of blood and the duration and mtuTe 
of an operation (these being the conditions that have to be met by the practical anaesthetist) 
influence the respiration in such a way in some cases as to make it expedient to obtain all the 
Qdbrmation^that can be gathered of the extent of exhaustion, the probable power of endurance 
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and the general eiate of the patient. This knowledge is to be obtained from the respiration, 
the ptilse, the pupil of the eye, the sensibility of the cornea, and the complexion, all of which 
may bo under observation at the same time without discontinuing the chloroform, when it is 
administered in the manner described by mo in a paper read before the West London Medico- 
Chirurgical Society, and which is fully reported in Tlie Lancet of March 14th. The oondi* 
tion of the muscular system, as to relaxation, is alw sometimes useful. An anaesthetist who 
relies on all these sources for information will sometimes be able to continue an administration 
of chloroform when, if he relied upon the respiration solely, ho would feel bound to discontinue 
it. I have on several occasions had the greatest difficulty in satisfying myself that respiration 
was in progress at all, especially in connection with some operations upon the skull for depressed 
fracture or other condition in which the functions of the brain were greatly impaired, and 
have found the pulse most valuable as a guide in such cases, justifying mo in supplying suffi- 
cient chloroform to prevent reflex movements of the patient occurring. As long as respiration 
is unimpaired and there is no cyanosis it may not be necessary to go further for information, but 
early in the progress of administration the breathing may be accompanied by stertorous noises 
—not true stortor,— the pupils be dilated or the corneal reflex abolished, and yet the anesthesia 
may not be sufficient for operation, and in such circumstances the pulse will be found quick 
perhaps, and not the slow pulse of complete chloroform anesthesia. When an operation has 
been some time in progress the respiration may still be good while the patient may have the 
appearance of extreme exhaustion, and the pulse will then enable the anesthetist to judge 
whether it is necessary to hurry or close tho operation, or whether stimulants are imperatively 
called for. Shallow respiration is not uncommon and, when the respiration only is relied upon, 
dangerously misleading, often when not appreciated giving rise to sudden and alarming symp- 
toms. In practice each of the guides mentioned is of groat service, and without them opera- 
tors would often be disturbed, and sometimes unnecessarily prevented from completing their 
operations. Tho following case throws great light upon tho effect of chloroform upon the 
heart and respiration* 

In January, 1891, J. B. , aged fifty-one years, came into the theatre for radical 

cure of hernia, and it was my intention to give him chloroform; but on seeing him as his appeaiv 
ance presented venous congestion, I gave him ether. After about a quarter of an hour of tho 

operationtherevras .so much saliva and mucus excited by the ether that it was impossible to 

keep the patient properly under, and I therefore changed to chloroform, which I administered 
with extra care, for the reason already stated, ?.c., in addition to simply satisfying myself that 
the respiration was good,*I proceeded with the sprinkled lint lying on the separated figures of 
my right bnT»t in front of the mouth, which enables one to feel tho force of expiration ; with 
my left middle finger on the left tempoRil pulse and my left thumb holding up the left upper 
lid of the patient, and testing the comeal reflex when necessary, watching tho respiratory 
movements of the abdomen (which was exposed), the complexion of tho face, and the pupil of 
the eye. After about half an hour I suddenly missed tho temporal pulse, and found it was also 
absent from, the wrist, notwithstanding that the respiration continued. After a few moments 
the ptilse returned, and the pharyngeal reflex being present I gave two teaspoonsful of brandy 
in small quantities, which were swallowed. Then continuing the chloroform, guardedly as 



before, after twenty minutes tHo pulse ceased^gain, and I asked the nurse to give an enema of 
half an ounce of brandy with water, called the attention of those around to the absence of pulse 
and the continuance of respiration, which they observed before the respiration ceased, when 
a little artificial respiration so far restored the patient that the operatior was continued and 
completed in another twenty minutes. During this latter time a very little chloroform only 
was given when the patient had so far recovered as to call out loudly. The patient afterwards 
told me he felt nothing of the operation. This patient’s heart was, so far as could bo ascertained, 
practically sound. Here then was an operation biking place under chloroform, during which 
the pulse of the patient undoubtedly failed before the respiration on two occasions, the jnilse 
recovering on the first without cessation of respiration, and the respiration failing on the second 
occasion some seconds after the pulse, and while it was still not to be felt. 

I have endeavoured to show in this letter the importance of the puls(j as a guide to the 
ansDsfhetist, under some circumstances, during chloroform administration ; and it is not my 
intention to express an opinion as to which of the two, — the respiraiion or the circulation, — 
invariably ceases first in death from cliloroform, believing, as I do, that jt is sometimes one 
and sometimes the other. 


I am. Sirs, yours faithfully, 


Russell-road, Kensington, W,, March 15th, 1891, 


RICKAKD W. LLOYD. 


REPORTS TO THE SCIENTIFIC GRANTS COMMITTEE 
OF THE BRITISH MEDICAL ASSOCIATION. 


REPORT ON AN EXPERIMENTAL INVESTIGATION OF THE ACTION 
OF CHLOROFORM AND ETHER. 

Read in Ahslract in the Section of Medicine at the Meeting of the British Medical 
Association at Birmingham^ Jnhj 1890, , 

By JOHN A. MacWILLIAM, m.d., Regius Professor of tlio Institutes of Medicine 

in the Oniversity of Aberdeen. 

[Reprinted from “ British Medical JournaV of Oct. 25fA, & Nov. Ist^ 1890.] 


The following research was systematically commenced in 1888, and has been carried on 
at intervals since then. The experiments have been conducted upon animals of various kinds, 
chiofiy upon cats and rabbits. The most important experiments were performed on cats, and 
all the results detailed in this paper are to be taken as being applicable to that animal. 
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PART I. 

The experiments may he divided into .two classes. The first class comprises those 
experiments in which chloroform was given in the# ordinary way by inhalation, while the 
respiratory movements and the blood-pressnre w^^re gr.iphically recorded. This method, in 
addition to leading directly to certain conclusions, gave results which were largely used for 
comparative purposes. 

The second class of oiperiinenis cobiprisesiihose in whifdi a now method of studying the 
condition of the heart and viisciiljir system was employed. By this mcithod a sinuiltaneous direct 
graphic record of the action of ihe auricles and the ventricles was obtained, alongside of a tracing 
of tli(‘ arterial blood-pressure ; ]»recise information as to the stjitc^ of the different parts of the 
heart was derived direetly from ihe org:in itself. Then*, can he no doul)t tluit hlood-i)ressuro 
tracings alone are entirely unsafe guides as to the strength and charachir of the heart’s action, 
or even of the ventricular heats. The os(jlllations in a hlood-pn^ssiinj tracing caused by the 
venxricujiir beats do not furnish any sure indi(?ations of the condition of ihe ventricular action. 
A w’eak vcuitriciTlar heai. nmy cause a very large oscillation in the hlood-jn'essure trace, and 
vice vers(U I have shown in a former paper that when the heart recommences heating after a 
period of inhibition (from vagus stimulation), the almoriually extensive oscillations in the 
blood-pressiiro tracing cans(^d by tho recommencing heats are oftcui duo to sysioles that are 
much weaker than normal, Thc^ oscillations in a hlood-pressuro trace (lep<uid upon tho amount 
of blood thrown out by the heart ini 0 the aorta, and the conditions ohtaiiiing in the arterial 
system at the time. Jience it is evident tliai blood-pressure records cannot bo relied upon as 
giving accurate information as to tho state of tho cardiac action.^' 

M(xle of ohtahmig Direct Graphic Hecords of the Cardiac Action ami Blood-'pressure 
Tracings simxdtaneouslg . — Thcj animal to ho experimented upon was completely anjnsthoiised 
with chloroform in «a box, and was then made fast in th(^ usual manner upon a Czormak’s 
holder, a tin of w^arm water being intc^rposed to maintain tho tomperaturo as far as possible, 
A canula w^as inserted into the left carotid artc^ry, and connected with a Ludwig’s kymograph, 
so as to give a blooJ-pressur^ tracing in tho ordin.*iry w^‘ly. Tracheotomy was then performed, 
and a canula tied in tho trachea, through which artificial respiration was inaintjiined by moans 
of a bellows worked steadily and regularly (by a small motor) at a known rate and in such a 
w^ay as to supply s* uniform amount of air at each stroke, Tho expired air esc,ai)od through side 
ap*erturos. The rate and extent of the artificial respiratory movements w'ore made to correspond 
as far as practicable to thb rate and extent of natural respiration under chloroform. 

The^ thorax was then laid o})on, tho part of the chest w\*ill over the cardiac region — in- 
cluding the lower part of tho sternum — being njiiiovocl. Ligatures were tied round the ribs 
beforp they wore cut through, in order to prevent hsomorrhage. Tho internal mammary arteries 
were clamped, and when necessary haemostatics w^oro applied to prevent oozing from bone, 
&c. . The pericardial sac was then laid open, and the recording apparatus placed in position. 
Tho whole proceeding was accomplished with only a very trifling loss of blood. • 


* Journal of Physiology, Vol. IX., p. 863. 
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TEe recording apparatosiemployed to register the heart’s action was one which 1 have 
already described in the Journal of Physiology^ vol. ix. It is adapted for recording the move- 
ments of one anricle and one ventricle simultaneously. Either auricle can be registered ; 
sometimes the one and sometimes the^thor was used. A thread was attached to the tip of 
the auricular appendix, and this thread led to a receiving tambour which communicated with 
a recording tambour ; the latter inscribed its movements on a smoked surface. In order to 
prevent possible displacement of the auricle in the course of the experiment, its dorsal part 
was steadied by fixing in a clamp the parietal poriaardium close to the auricular tissue, care 
being taken not to include any of the auricular substance in the clamp. The clamp was held 
firmly in position by means of a brass rod. With such an arrangement each contraction of the 
auricle causes a pull upon the thread and a movement of the lever of the recording tambour. 
Hence the contraction and relaxation of the auricle are expressed by up-and-down movomenta 
of the recording lever upon the smoked surface. Moreover, distension or dilatation of the 
auricle causes — by slackening the thread — a change in the level of ihe recording lever ; the 
arrangement of the apparatus is such thai. the lever rises. On the other hand, during collapse 
of the auricle the thread is subjected to increased tension, and the level of tjie recording lever 
falls. Thus any continued distension or collapse of the auricle will be attended by a coiTespond- 
ing displacement of the recording lever. 

In order to obtain a ventricular^tracing a boat-shaped vulcanite trough was first slipped 
underneath the ventricles, so that the latter had a firm bod to rest upon ; the vulcanite trough 
was rigidly held in situ by a strong iron rod. Then a float attached to a light lever was made 
to rest upon the ventral surface of either ventricle, and this lever was connected with a system 
of tambours in such a way that any movement of the float was communicated to a recording 
tambour, and inscribed on the smoked surface beneath the tracing simultaneously written by 
the action of the auricle. The beats of the ventricle cause up-and-down movements of the float 
resting on its ventral surface, and these movemonta are recorded on the smoked paper by an 
up-and-down movement of the recording lever. Further, any dilatation of the ventricle causes 
an elevation of the float and a corresponding elevation of the recording lever ; and any collapse 
of the ventricle or diminution of its dorso-ventral diameter is attended by a lowering of the float 
and a corresponding lowering of the recording lever. Thus whilo*the recording lever indicates 
the beats of the ventricle by a rapid up-and-dm^m movement (excursion), it also indicates con- 
tinued distension or collapse of the ventricle by a continued elevation or depression of the level 
from which it starts on its rapid up-and-down movement (excursion). ' Distension of the ventri- 
cle causes an elevation of the general level or base lino of the tracingeinscribed by the record- 
ing lever on the smoked paper ; collapse of the ventricle is attended by a depression in the 
general level or base line of the tracing. 

It is impossible for me to enter fully into the principles and mechanism of this mode of 
recording the heart’s action ; it is sufficient for my present purpose to state that this niethod 
has been found, by an extended experience of its working in experiments of many different 
kinds, to give pccurate indications of changes in the rate and energy of the cardiac action, and 
also of changes in the state of the heart’s chambers as regards distension or the opposite condi- 
tion. The results obtained with this apparatus have been tested and controlled by the employ- 



803 


mont of other mfides of registration, for example^ by the use^ of light levers restihg on the 
auricle and ventricle and inscribing their movements directly (without the intervention of 
tambours) upon the smoked paper. There has be5n a complete agreement in all important 
points between the results obtained by the different methods. 

It may here bo remarked that the amount of mechanical interference involved in the 
application of the above method does not cause any serious injury to the state of the heart and 
the vascular system general^. • The heart goes on boating with remarkable regularity and 
steadiness for many hours ; a high blood-pressure is maintained, and the circulation is carried 
on with great activity. 

The rate of the movements of artificial respiration is usually indicated in the auricular 
tracings by a slight rhythmical oscillation in the base line of the tracing. A time record 
(seconds) is inscribed on the sunie paper alongside of the other tracings ; and, in addition, an 
electrical signal marked the points of time at which various events (giving of chloroform, &c.) 
occurred. 

o 

Long sheets of smoked paper were employed, and upon them there was obtained side by 
side, by the method described, a simulhineous record of (1) the arterial blood-pressure, (2) the 
action of the right or loft auricle, (3) the action of the right or hd t ventricle, (4) the number 
of the artificial respinitory movements, (5) a time trace marking seconds, and (G) the inscrip- 
tion of ‘an electrical signal indicating the time of occurrence of certain events. 

Mode of AdminUtermoj (he Anevsihetk , — ^Tho bellows employed for artificial respiration 
were connected with the cauula in the animars trachea chiefly by India-rubber tubing. In 
the course of this tubing a wide-mouthed bottle was interposed, so that the air coming from the 
bellows passed through the bottle. The tube loading from the bellows was attached to a glass 
tube which passed through the cork and reached down to within one-eighth of an inch of the 
bottom of the bottle. The air entering the bottle through this tube passed out by another tube 
which projected just beyond the surface of the cork internally, and was connected outside the 
bottle with a piece of India-rubber tubing leading to the tracheal canula. Between the bottle and 
the tracheal canula were two side tubes through which a very largo part of the air sent by the 
bellows through the bottle escaped, so that only a small part of the air that passed through the 
bettle entered the animal's lungs. Through these side tubes the air sent out from the lungs 
in expiration also escaped. 

The ansesthetic to be administered was mixed with the air as it passed through the bottle. 
This was done by putting the chloroform or ether into a hypodermic syringe, the needle of 
which was naade to pass through the cork ; the anmsthetic was then, by means of the syringe, 
thrown into the bottle in the amount desired. In the case of chloroform, small quantities were 
used commonly one minim at a time. This amomit usually required about twelve (artificial) 
respiratory movements to evaporate it, and, as each movement of the bellows sent fully 4* 54 
cubic inches of air through the bottle, it is evident that the relative amounts of chlorolbrm and 
air were 1 niinim of chloroform in about 54*5 cubic inches of air. Now as 1 minim of chlo- 
roform, when evaporated, gives only a fraction over 1 cubic inch of vapour, it is clear that the 
strengih of chloroform vapour in the air was about 2 per cent. No doubt^ however, the evapo- 
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ration of the chloroform was somewhat more rapid in the earlier stages than in* the later, when 
most of the chloroform had volatilised and the surface of fluid exposed to the air was diminish- 
ed ; but, even allowing for this, it is certain -that at no time was the amount of chloroform 
vapour in the air over 3 per cent., and even when more chloroform was abided before the first 
minim had evaporated, the strength was always kept under 4 per cent. 

Different samples of chloroform (obtained from Messrs. Morson and Son, Martindale, and 
others) were used. Each of the samples was carefully tested, and the following results were 
obtained ; — " " 

(1) Appearance and smell chamcteristic of pure chloroform ; (2) specific gravity 1*497 ; 
(3) absolutely neutral to litmus paper ; (4) when dropped into distilled water transparent 
globules were formed, with no milky halo of opalescence ; (5) not coloured on agitation with 
sulphuric acid ; (0) when shaken with distilled w^ater nitrahj of silver gives no j^recipitato ; (7) 
no green colour with chromic acid ; (8) iodine gives a violet colour. 

When other (specific gravity 0*725) was used instead of chloroform the amounts injected 
into the bottle were much larger — 1 5 to 25 minims at a dose. 

(For the sake of broviiy I shall refer to the bottlo in which the ansosthetics were admin- 
istered as the “ anaesthetic bottle.’’) 

PART II. 

Mode of Conducting the Exporimcnl. — During the whole progress of the experiments the 
animal was kept in an unconscious shite. In addition to tlu^ nocessilj^ of obviating any chance 
of suffering, it was essential fen* the accnrcit(^ working of the regish^ring apparatus and the 
success of the ex 2 )eriment that ihe animal should be motionless ; the slightest raovoinont or 
disjdacement might seriously interfere with the precision and regularity of the graphic records. 
And of course the use of other drugs, such as morphine or chloral, was contra-indicated, as they 
would complicate, and might vitiate, the results. The animal was accordingly koi)t under 
chloroform during the whole of the time, exeej>ting the periods wdien ether was given instead 
of chloroform. Thus the experiments consisted in the administration of a further amount of 
the anaesthetic to an already unconscious animal, so as to induce a deeper ansesthesia. When 
the increase of chloroform was about to bo given, the condition of tho animal was frequently 
such that it was unconscious and motionless, tho heart action and blood-pressure steady and 
regular, the majority of tho reflexes abolished ; but unconscious winking of the eyelid on touch- 
ing tho conjunctiva was commonly present. A further amount of chloroform (usually 1 minim 
at a time) was then in jected into the anwsthetie bottle, and there it* evaporated and mingled- 
with tlie air pumped through the bottlo by the bellows. Only a small portion of the air passing 
through the bottle entered tho animaVH lungs ; the greater part escaped through tho side tubes. 
Thug only a small portion of the chloroform introduced into the bottlo reached the pulmonary air- 
cells. Meanwhile the state of the conjunctival reflex was closely watched, and it afforded very 
valuable indications as to the action of the drug. In many cases chloroform was given in sufficient 
amount to cause a complete abolition of the conjunctival reflex ; but frequently there were 
changes of a marked character both in the state of the heart and tho blood-pressure before the 
influence of the chloroform was sufficient to cause a disappearance of the conjunctival reflex. 
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The chief effects of chloroform shown by these experiments I shall now proceed to describe. 

Fall of Blood^pressure . — The fall of blood-pressure well known to result from the in- 
fluence of chloroform was seen in the usual forms, slight and severe, gradual and rapid. In 
some cases the fall was preceded by a slight temporary rise. 

Diminution in the Force of the Heart Beat . — When the blood-pressure has fallen consideiv 
ably frdm the influence of chloroform, there is seen a marked diminution in the force of both 
the auricular and the ventricular beats, indicated by a lessened excursion (or up-and-down 
movement) of their recording levers. The height of the curves inscribed on the smoked paper 
by the systole of the auricle and ventricle is markedly reduced. 

Now such a reduction in the contraction force of the heart is not necessarily due exclu- 
sively to any direct influence of chloroform upon the organ. For a marked lowering of the 
blood-pressure from causes not directly affecting the heart, (for example, arterial relaxation) leads 
to a diminution in the force of the cardiac beat. The fall of blood-pressure involves, among other 
conditions, a lessened resistance io the discharge of blood from the ventricles and a reduction 
of theTlood supply to the heart itself through the coronary vessels. In such circumstances the 
cardiac systole becomes diminished in force, as can easily be demonstrated with such a record- 
ing apparatus as the one above describ(Ml. Hence the weakening of the heart’s boat under 
chloroform may bo in part attributed simply to the fall of blood-pressure brought about by the 
drug. But though a certain diminution in the force of the cardiac beat may be explained by 
the associated fall of blood-pressure, such a cause certainly does not account for the marked 
depression of the heart which occurs under chloroform, and becomes expressed by a dilatation 
of the cardiac chambers. 

Dilatation of the Heart , — When chloroform was given in sufficient amount to abolish 
the conjunctival reflex completely, and very often before that point had boon reached, distinct 
dilatation of the heart commonly occurred. This change involved both auricles and ventricles 
right and left. Whether the tracings were taken from the right auricle and ventricle or from 
the loft auricle and ventricle, the results w^oro substantially the same ; more or less pronounced 
dilatation of the whole organ was clearly present. The general level or base lino of the tracings 
(auricular and ventricular) became elevated to a greater or less extent, indicating an elevation 
of the portion of the auricular and ventricular walls connected with the recording apparatus. 
This depended upop a continued increased distension or iinp(3rfect emptying of their cavities, 
caitsing an increase in the dorso-ventral diameter of the various chambers. After a time, unless 
the dose of chloroform hac? been too great, the phase of dilatation i)assed away ; the parts of 
the heart resumed their former size ; the tracings sank back to their former level or base line, 
and resumed the characters they had borne before the chloroform had been given. 

These changes were caused over and over again with remarkable constancy in the same 
animal by repeated doses of the anesthetic. Dilatation and recovery followed one another 
with great regularity, as the chloroform was given again and again. The occurrence of dilator 
tion is often remarkable for its suddenness ; its commencement frequently begins to be visible 
in the tracings within a few seconds (often imder flve seconds) of the Injection of chloroform 
into the ansesthetic bottle. 

89 
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In some cases the cardiao dilatation affected the whole organ with tolerable uniformity. 
In other instances the anricles and the vontricfos wore unequally affected, sometimes the auricles 
and sometimes the ventricles being more readily influenced. Occasionally the loft auriclo 
became very prominently distended. The distension of the auricles may, in some cases, bo in 
part a secondary change. Their dilatation may be brought about or contributed to by a pre- 
ceding distension of the ventricles, whereby the auricles are rendered unable to discharge their 
contents in a normal manner, and so become distended., But in all probability the auricular 
dilatation is partly a primary change caused by the* direct influence of chloroform, and not 
simply by the obstacle to their emptying themselves offered by the presence of an already 
existing ventricular distension. The fact that the auricles sometimes become affected much 
more readily and extensively than the ventricles supports this conclusion. 

The cardiac dilatation that occurs from the influence of chloroform is independent 
of any distinct change in the rate of the heart’s action. There is no slowing, or indeed any 
characteristic alteration of rhythm. The rate of action commonly remains unimpaired, even 
when all tho chambers of the organ have become greatly distended, Wh&n the dilatat^n has 
become extreme the heart fails in its function at the central organ of circulaiion. Though 
it continues to contnict rhythmically, its action is feeble and entirely ineffective, and its cavities 
remain gorged with blood. In this condition evidence of rhythmic movement may still be 
obtained in the intact animal by passing a needle through the chest wall into the heart (as was 
done in many of the experiments of tho Second Hyderabad (Chloroform ('ommission). 

Relation between Dilatation of (he Heart and the Fall of Blood-^pressvre. — The occurrence 
of cardiac dilatation from chloroform is usually associated with a marked fall of blood-pressure. 
Now, a fall of blood-pressure involves various changes, nutritive and mechanical, in the heart ; 
as already mentioned, there is a diminished resistance to the ventricular systole and a lessened 
blood supply through ihe coronary arteries. But it can bo clearly shown that tho cardiac 
dilatation above described is not duo to tho occurrence of a fall of blood-pressure and the 
changed conditions of heart action dependent on that fall. 

The amount of dilatation is not always proportionate to, amd does not always run parallel 
with, the fall of blood-pressure. KSometimes there is a marked lowering of the blood-pressure 
with little or no cardiac dilatation ; while, on the other hand, dilatation not infrequently begins 
before the fall of blood-pressure has commenced, and, indeed, even during the temporary rise 
of pressure which sometimes precedes a marked fall. Again, at other times dilatation occurs 
in marked degree when the fall of pressure is being recovered from, when tho pressure has 
risen to some extent, and is still rising. 

Further, cardiac dilatation may, though rarely, be induced in a pronounced degree by 
the influence of chloroform without any appreciable change in the blood-pressure. 

Causation of the Cafdiac Dilatation. — ^Many years ago it was shown that chloroform in 
considerable strength is able in certain circumstances to cause contraction of small arteries ; 
, this would lead to an increased resistance to tho outflow of blood from the large vessels. 
Hence, the possible influence of chloroform upon the pulmonary vessels has to be considered 
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in relation to the genesis of cardiao dilatation. It is conceivable that a marked constriction of 
the pulmonary arterioles and an increased resistance in the lung might, by greatly raising the 
pressure in the pulmonary artery, embarrass the action of the right ventricle, and lead to its 
becoming distended, — a change that would bo followed, secondarily, by a distension of the right 
auricle. But in such a condition the loft side of the heart would not be dilated, but rather 
collapsed. Now, wo have seen that the whole organ becomes dilated — the left side as well as 
the right — and consequently the above hjq)othesis of increased pulmonary resistance— even if 
there was any proof of its occiUTonco — is entirely inadequate. 

It is clear, from wliJit has been stated, that the occurrence of dilatation is not dependent 
on changes in the syslemic blood-pressure (though usually associated with such changes), nor 
yet upon changes in the pulmonary circuit ; it is duo to some influence exorcised by chloroform, 
either directly on the heart itself or indirectly through the cardio-inhibitory centre in the 
medulla ohlongaia and the vagus nerves. The influence of the cardio-inhibitory centre can 
readily bo excluded by section of the vagi. I have frequently cut those nerves, and then repeated 
the administration of chloroform, with the result that the heart, became dilated as before. 
Moreover, the same happens after the injcictiou of atropine in sufficient amount to paralyse the 
inhibitory function of the vagus, ilencci it is evident, that the dihiting influonco of chloroform 
is exerted, not through the vagus nerves, but directly on the lu^art itself, (fliloroform acts 
upon the heart ; it causes a marked depression of the cardiac muscle involving a reduction of 
its tone relaxation of the cardiac walls, and an impairment of their functional efficiency. 

Periodic Depression of the Ventricular Aittlvity after Chloroform * — In some animals 
a peculiar result was observed some time after a dose of (diloroform had been given. The 
sequence of events, as shown by the graphic records, is as follows : A dose of chloroform (1 to 2 
iiiinijns) was in joctod into the bottle, and led to a more or loss marked fall of the blood-pressure 
and a certain amount of cardiac dilatation. Those results gradually passed away, the blood-' 
pressure rose, and the heart resumed its ordinary condition. But, while the blood-pressure was 
rising and the cardiac condition improving, or even after the blood-pressure and the heart 
had recovered, there sometimes suddenly developed a remarkable change in the ventricular 
action. The force of the heats became greatly diminished, the ventricles were imperfectly 
emptied, and tliey became more or le.ss niarkcjdly distended with blood. The curves inscribed 
by the ventricular beats upon the smoked surface were much reduced in height, and the base 
lino or general lovfl of the tracing was markedly elevated for a time. This condition was 
soon more or less completqjy recovered from ; but it sometimes recurred again and again in a 
very remarkable fashion. In some instances this curious pei’iodic effect on tlie ventricles was 
seen to follow the administration of very small doses of chloroform, which had only a compara- 
tively slight primary effect on the blood-pressure and the heart. The auricular action is not 
affected proportionally to the ventriculur change, — indeed, it usually shows only a very slight 
and gradual reduction. 

Such a periodic depression of the ventricles had, in my experiments, always been 
precede ! by a dose of chloroform. It is probably due to a direct influence exercised on 
the heart ; it does not seem to be affected by section of the vagi. I have never seen any depres- 
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sion of this sort as a result of , the administration of ether. Indeed, in more than one 
instance when the periodic depression was strcfngly marked and kept recurring again and again, 
a dose of ether was speedily followed by a complete disappearance of the phenomenon in quo&h 
tion. The heart’s action improved in a remarkable way ; it became strong, steady and regular. 

It may be noted thjit the occurrence of this great depression of the cardiac action in cats 
some time after the administration of chlorofonn, and after partial recovery from its ^effects, 
has a curious parallel in the records of some cases in the human subject. 

* V 

Effect of Etiwr compared with those of Chloroform , results obtained with ether 
have been strikingly different from those following the use of chloroform The ether was 
administered in the same way as chloroform — by injection into the anaesthetic bottle — but 
Larger quantities were used (for example, 25 minims at a time), and the dose was 
less gradually given. InsteJid of being gradually introduced drop by drop into the 
bottle, jt was very often thrown quickly in from the syringe. The condition of the con- 
junctival reflex was closely w^atched. Often the dose was given at a time when unconscious 
winking on touching the con juctiva was distinctly marked. Then a sufficienc}' of •other was 
given to cause a complete abolition of the reflex. The blood-pressure umishally fell to some 
extent, but the cardiac condition was very different from that seen under chloroform. Instead 
of becoming markedly dilated as with chloroform, the heart showed, as a rule, no dilatation ; 
or there was very slight and transient dilatation lasting only a few seconds, attaining no 
serious proportions, and speedily passing aw^ay. The occurrence of even a brief and 
fleeting phase of slight dilatation was chiefly associated with those experiments whore 
ether was given in large umount with great suddenness. In very many instances 
there was not the slightest indication of cardiac dilatations. On the contrary, a change in 
the opposite direction was on several occasions observed — a rapid recovery from the attacks 
of periodic ventricular d(ipression that have been described as sometimes following doses of 
chloroform. The difference between chloroform and other in their relation to cardiac dilatation 
is strikingly illustrated in the tracings obtained in the way I have already described. Again 
and again in the course of a prolonged experiment the conjunctival reflex was abolished by 
the use of ether without any special effect upon ihe heart, whereas^ in the same animal chloro- 
form, administered in the same way brought about a marked dilatation of the cardiac chambers — 
when given gradually, mixed with abundance of air, in an amount sufficient to abolish the con- 
junctival reflex, and indeed often before that point had been reached. In ^ some experiments 
the anaesthetics were alternately given, and the characteristic results of the two were alternately 
manifested with great constancy and precision. Chloroform (always under 4 per cent, of 
chloroform vapour in the air) was given, leading to partial or complete loss of the conjunctival 
reflex and pronounced dilatation of the heart. When these effects had passed away and the 
original condition had been restored, ether was given in such an amount as to abolish the con- 
junctival reflex ; this was usually attended by no cardiac dilatation. When the effects of 
other had disappeared, chloroform w^as given with the same results as before ; then ether again 
with its characteristic difference of effect, and so on. 

When ether is given with the result of causing a fall of blood-pressure, there is at 
the same time a reduction in the force of the heart’s beat. This reduction appears, as a rule, 
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to be simply a result of the fall of blood-pressure and not due to, any special effect of ether on the 
heart itself. It has been already stated that a Ml of arterial pressure due to a diminution in 
the peripheral resistance, for example, to relaxation of the small arteries, is attended by a 
reduction in the energy of the cardiac beat ; the heart’s force becomes diminished from a cause 
not directly affecting the heart itself. But, unless the fall of pressure is extreme in its amount 
and prolonged in its duration — as in fatal htemorrhage, &c., — the weakening of the cardiac 
systole IS never so groat as to render the organ functionally inefficient ; the heart is always able 
to expel its content as before and no dilatation occurs. 

This is the rule with regard to an ordinary temporary lowering of the blood-pressure — 
from relaxations of the small artoriej* — and it seems to bo aj^plicable to what occurs in the heart 
under the influence of ether. The vaso motor centre in the medulla is depressed by the ether ; 
there is thus brought about a certain degree of arterial relnxation, and the blood-pressure falls. 
This lowering of the pressure leads to a rcnluction in the force of the heart’s beaf . When ether 
does not reduce the pressure appreciably, it does not cause any weakening of the cardiac 
systole, or only the very slight and fleeting effect before mentioned ; on the other hand, when 
ether lowers the pressure markedly, it leads to a marked lessening of th(j cardiac systole — in 
all probability as an indirect result, the heart being S(iCondarily influenced through the fall of 
blood-pressure. There is no evidence that the carditic weakening is more extensive than is 
warranted by the fall of pressure ; if ihe redaction of' the heart’s force was disproportionate to 
the lowering of pressure the organ would become dilated — which it does not. In the case of 
chloroform, on the other hand, there is clear evidence that the heai-t is directly affected otheiv 
wise than merely in a secondary way through the fall of blood-pressure, that the onfeeblement 
of the cardiac walls is disproportionate to the fall of pn^ssure, and that dilatation is induced in 
a very pronounced fashion )jy a special effect of chloroform on the organ itself. 

It is evident thai. these results are subversive of the view expressed by Claude Bernard* 
regarding the action of chloroform and other, — a view recently endorsed by the Hyderabad 
Commission. Bernard said : “ As to other and chloroform, their action is almost the same from 
a physiological point of view, excepting that there is a diff’eroiice of intensity in favour of 
chloroform which will load us gen(^rally to employ the latter substance in preference to other.” 
But the results obtained in the present research prove that the difference between the 
action of chloroform and other is not simply a difference of intensity. There is commonly seen 
a very striking an3 important difference between the r(3lativo influence of the two anoBsthetics 
upon certain functions. Ijjther can abolish the conjunctival reflex and induce prolbund anms- 
tliosia with no appreciable direct effect on the heart ; while chloroform, in causing a less deep 
anaesthesia — in which the conjunctival reflex is not abolished — may directly cause marked 
dilatation of the whole heart. 

Relative susceptUnlity of the vaso motor Centre and the Heart to the depressing Influence 
of Chloroform. — ^The fall of blood-pressure caused by chloroform is due primarily to the depres- 
sing influence of the drug on the vaso motor centre, leading to arterial relaxation. Sometimes 
the fall is preceded by a brief and transient rise ; this is dependent on a brief stimulation of 

• Ltqom mr les Antiques et mr VAspyxie ( 1876 ), p, 101 . 
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the vaso motor centre prior to tl\o depression of its aotmty. It has already been stated that 
when chloroform is given in such an amount slf) to cause a marked fall of pressure, there com- 
monly occurs at the same time a more or less marked dilatation of the heart. In the healthy 
animal the latter change does not, in the earlier stages of a fall of blood-pressure, appear to play 
nearly so important a part in lowering the pressure as does the depression of the vaso motor 
centre induced by the influence of the chloroform. The pressure is, as a rule, much more 
readily lowered by the action of chloroform on the vaso motor centre than by its action ^on tho 
heart. But in the latter stages of a great fall of blood-pressure, w|jen the anajsthetic is given 
so as to produce a profound effect, the cardiac dilatiition becomes a factor of prime importance, 
and it becomes impossible to raise tlie pressure by any means affecting the arterial system alone ; 
the pressure can only bo raised by restoring, in som(^ measure, the pumping i)ower of the lieart, 
or by the supplying of some mechanic/al substitute for this power, for example, by rhythmic 
compression of tho ventricles with the liaiiJ. 

The relative susceptibility of the vaso motor centre and the heart to the influence of 
chloroform appears to vary considerably. (Commonly the vaso motor centre beconn^s markedly 
depressed before cardiac dilatation is evidenced in any considerable degree. I'n some instances, 
however, tho cardiac dilatation bc^gins early, before the vaso motor centres has ouffered any 
depression and even while it is stimulatiKl, as sometimes occurs as a primary result of tho action 
of cliloroform upon this centre. 

Possibly a good deal depends on tho state of tho lieart af, tho time. If tho heart is 
strong and possesses a considerable reserve of ])Ower over and above wliat is necessary to expel 
its contents in ordinary circumstances, it cai' readily bo conceived that a considerable amount of 
chloroform miglii. be taken without causing any evidence of failure, ihe reserve of power 
making up for ihe dc^pressing influence of the chloroform ; meanwhile, tho vaso motor centre 
being acted upon by the chloroform, the blood-pressure would fall. On the other hand, if 
tho heart is, to begin with, just able to perform iis fuuciion, ii. is intelligible lhat a comparatively 
slight depressing influence exerted on it by (diloroform would soon cjuise it to exhibit signs of 
dilatation. Many nervous] y weak hearts j)0.ssi)d>'^ come into this category. 

Effects of the Falls of Elood-’jfvrssnjr . — TIio fall of blood-press lire is, in a certain 
sense, protective ; it rebirds the continued access of tho anaBstliotic to the vital organs. I have 
frequently been struck with ihe great resistance sho^vn to tho influence of both chloroform 
and ether in animals where a very low pressure was present from arterial r(daxation, due . to 
causes other than anfcsthetics, for exarnph?, voso motor paralysis. ,In such conditions largo 
doses of chloroform and ellier can be given — mixed with tho aii* entering the lungs — ^with little 
or no effect on the lieart and blood-pressure. On the other hand, the fall of blood-pressure 
may become excessive and i)rovc a source of great danger. Fatal failure of some of tho vital 
organs may be determined by the defective blood supply attendant on an insufficient pressure, 
and this in all probability more readily in certain morbid conditions than in the healthy animal. 

Modes of counteracting the Fall of Blood-pressnre in the Carotid Artery caused hy 
Chloroform , — ^\Vhen a great fall of blood-pressure lias been caused by tho inhalation of chlo- 
roform in the ordinary way, inversion of the animal has been found to exert a slight effect in 
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raising the pressure. But by far the most powerful moans of influencing the carotid pressure 
under chloroform is by applying continuous firm*prossure over the intact abdomen or to the 
abdominal aorbi directly. In this way, unless the heart has been directly paralysed by chloro- 
form, a well-marked rise of l)lood-])rossiiro can be brought about in the carotid and other arteries 
of the upper part of the body (head, nock and ch(wt), and the circulation in that part is 
greatly improved in rate and volume. This method of causing a rise of pressure under chloro- 
form hits been very freipiently tested in the» course of my experiments, and is strikingly illus- 
trated in the tracings I havejtaken. Evoh when (diloroform has been given in an amount 
sufficient to cause sto])p;i.ge of ihe respiration and a formidalilo hill of blood-pressure, the 
immediate application of lirm ])ressuro over the abdomen or c(>mj)ression of the abdominal aorta 
has, as a ruh^, caused a rise of pre,>siir(^. Ai. the moment of respiratory failure, the heart, 
though dilated, is, as a rule, capal)le of acting with some eftbct, but it soon becomes fatidly 
incapacitated in consequence of the influence exerted upon the already-d(^pr(issed cardiac me- 
chanism by nv^piratory an<l vascular failure : the interference with the nutrition of the heart 
substance resuliijig from arr(‘si of llie breathing, or depiuideiit on an (^xc^essive and continued 
fall of the blood-pressure, even apart fiom stoppage of the resi)iratioii, must necessarily 
exert a rapidly destructives influence on the aelivity of an already embarrassed and depressed 
organ. At tlu*. time tlio respiration stops, tlu^ li(‘ari. is usually (tboiigb not always) able to act 
in a way sufficient lo maintain a ceriain amount- of blo()d-]>ressurc, compatil)le with the con- 
tinuance of life, provided the vaso motor system is not paralysed. The heart then being, in the 
majority of cases, still able to exerciso its function to some purpose, it is easy to imderstand 
that a great increases in tlie pori]»heral resistance should be attended by a rise in the arterial 
pressure, the amount of the rise >'arying largely according to the power still possessed by the 
heari. The application of lirm pressure over the intact abdoimm causes, iii addition to an in- 
crease in the peripheral resistance of 1 lie arterial system, the propulsion of a considerable amount 
of blood from the vessels of the abdominal cavity through the vena cava inferior into the heart. 
Compression of the aorta by itself causes a great ri>se of pressure ; this shows that a large in- 
crease of the peripheral rosistjiiice, even apai't from the forcing of more blood into tho right side 
of the h(;art, is sufficient to cause an extensive rise of pressuro. 

PART III. 

• Relation of the Results descrihed above to what occurs during the Inhalation of Chloroform 
in the Intact Aninuil, — How far arc these results applicabh? to tlic intact animal inhaling 
chloroform in tho ordiiiary Avay ? It is, of course', obvious that in certain respects the conditions 
•of experimentation abovei elcscribed arc widely^ different from wluit obtain wlie*u an uninjured 
animal takes in chloroibrm by its natural resjiij-atory movements in the ordinary way. In 
those experiments the thorax was laid 0 [)en, rendering spontaneous breathing inq^ossible, and 
artificial respiration by pumping air into the lungs was substituted. With artificial respira- 
tion of this kind, although tluj amount of air and tlie pei’centage of chloroform entering the 
pulmonary air cells may he the same? as in natural breathing, still there is a certain difference 
to be considered, namely, that when air is pumped into the lungs the pressure within tho lungs 
is a positive pressure during the phase corresponding to inspiration (that is, when the lungs are 
inflated with air) ; whereas, during the inspiration of air in natural breathing the pressuro 
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within the InngB is negativor (It is not probable that this difference is of importance, for 
there is much evidence obfaiinod by differeAt workers which tends to show that the effects of 
chloroform depend upon the amount of its reaching certain parts in a given time, the exact 
mode of its introduction not making any essential difference. But direct proof on this point 
will be adduced presently.) Further, in the experiments above described, the pericardial sac 
was laid open, the heart was exposed, and recording apparatus was brought into connection 
•with it. * 

How far such abnormal conditions may invalidate the results obtained, as far as their 
application to the ordinary inhalation of chloroform is concerned, has now to be considered, 
I hold that they do not materially interfere with the applicability of the conclusions arrived at. 
It seems to me that there is conclusive evidence showing that the action of chloroform, in the 
respects above detailed, is essentially similar in the conditions undcu’ which my experiments 
have been conducted, and during ordinary inhalation in the intact animal. I shall now proceed 
to state briefly some proofs of this conclusion. 

1. With regard to the possibh? influence of the presence of recording apparatus upon 

the cardiac action, it is important to notice that the more considerable changes in the state of 
the heart can bo verified by direct inspection ol* the exposed heart without the use of apj^aratus, 
though, of course, such a mode of examination is insuflicient to detect the finer changes that go 
on. The broad fact of the occurrence of cardiac dilatation I have often verified by simjdo 
inspection of the heart without the use of any recording apparatus. Hence it is plain that this 
change is not dependent on any intcrlereu(*e with organ from the application of the recording 
apparatus ; and, ind(‘cd, there can be no doubt that when the recording apparatus is used the 
action of the heart can hardly he disturbed in any serious degree, for it continues to work 
during long periods with very remarkable regularity and efficiency. Moreover, for compara- 
tive purposes (for example, the relative effects of cldoroform and ether) the influonco of. the 
apparatus cannot interfere, as it is constant. • 

2. In regard to the opening of the pericardial sac, I shall only remark here that I have 
been able to observe distinct changes in the heart, of the nature already described, oven through 
the intact pericardium. 

3. With reference to the altered respiratory conditions present when the results 
described in Part II. were obtained, I have made a number of experiments to compare 
in the same animal the influence of a certain amount of chloroform (a) during the ordi- 
nary inhalation of chloroform in the intact animal, and (h) when air containing chloroform 
was artificially pumped into the lungs. The method adopted was the following A cat, 
onsBsthetised with chloroform, was fastened on a Czermak’s support, and the left carotid artery 
was connected with a kymograph, so as to give a blood-pressure tracing in the ordinary way. 
The animal was then made to breathe through the anaesthetic bottle, inspiring the air by its 
spontaneous respiratory movements. This was done by connecting the bottle (a) with ap air- 
tight bag tied over the animal’s mouth or nose, or (t) with a canula inserted into the trachea. 

, The connection between the anaesthetic bottle and the bellows used for artificial respiration was 
removed, Whh this arrangement the animal in breathing inspired atmospheric air through 
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the ansBsthetic bottle, through the same channel traversed by* the air i>assing into the lungs 
when artificial respiration was used. Chloroform could readily be added (by means of the 
hypodermic syringe) to the air as it passed through the botile ; and thus definite doses of the 
ansesthetic could be administered to the animal, inhaled by its own spontaneous respiratory 
movements. The effects of accurately measured amounts of chloroform (given in this way) 
upon the blood-pressure, the conjunctival reflex, and the general condition of the animal were 
carefully recorded. Then, after an interval; when the effects had been recovered from, artificial 
respiration was substituted fjr the spontaneous breathing, the other conditions of the experi- 
ment remaining unchanged ; air was pumped through the anaesthetic bottle into the lungs, 
instead of being inspired in the ordinary way ; Jin equal dose of chloroform was administered 
and its effect watched. The influencei of the anaj^tlu^tic was found to bo remarkably similar to 
what was seen during spontaneous inhalation, provided the rate and depth of the artificial 
respiratory movements were made to correspond with the rate and depth of the spontaneous 
respirations. Two or three minims of chloroform induced similar effcicts, as evidenced by the 
blood-pressure, the conjunctival refl(jx, and the general condition, wlietlior the chloroform vapour 
was taken in by the spontaneous breathing of the animal or was artificially pumped into the Jungs. 
Hence it may be concluded that the intake of chloroform is substantially the same whether it 
is given by spontaneous inhalation (in which case the pressure within the lungs during the 
inspiratory movement is negative), or hy artificial respiration, when the pn'ssuro within the 
lungs during the phase corresponding inspiratioti is positive. The abnormal conditions 
of artificial respiration do not apparently make any essential differencx^ in regard to the effects 
of chloroform, provided the number and depth of the respiratory movements are the same, and 
the percentage of chloroform in the air taken into the lungs is identical in the two cases. 

4. The nature and extent of the fall of blood-pressure caused by chloroform is, as a rule, 
an excellent guide to the degree in which the influence of the drug has been exerted upon the 
general condition of the animal. When the fall is sudden and extensive it gives ground for 
apprehension that an overdose has been administered ; on the other hand, when the fall is 
gradual and moderate we may safely assume that the amount of chloroform in the circulation 
is not too great. Now, applying this test to the experiments described in Part II., we find that 
dilatation of the heart is present when the fall of pressure is no greater or more sadden than 
otten occurs— without arrest of the respiration or other serious result — when an animal (with 
intact thorax) inlurles chloroform in the ordinary way. For example, in an animal taking 
chloroform by natural respiration the blood-pressure — as shown by a kymograph coimected 
with the left carotid artery— was reduced by chloroform from 160 millimetres to 80 millimetres 
and again from 160 millimetres to 94 millimetres, without stopping the respiration. In the same 
animn.] after the thorax had been opened and the cardiac recording apparatus applied, a much 
slighter reduction of pressure by eliloroforin— from 112 millimetres to 94 millimetres— was 
accompanied by pronounced dilatation of the heart. Moreover, in one instance, chloroform 
caused distinct dilatation while tho pressure remained tolerably steady at about 106 millimetres^ 
Such results show clearly that cardiac dilatation may occur at a time when tho amount of 
chloroform in the circulation is not excessive — ^when there is reason to believo that tho anaes- 
thetic is present in no larger amount than during ordinary inhalation. 

40 
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5 . ' Evidence of great importance in regard to the question under consideration is 
.afforded by the state of the conjunctival reflexC* We have seen that pronounced changes may 
occur in the heart before the conjunctival reflex is completely abolished. This shows plainly 
that the amount of chloroform in the circulation was not excessive, else the reflex would not 
have been present. We know that the conjunctival reflex is, as a rule, abolished long before 
there is any danger of respiratory paralysis. The presence of the conjunctival reflex during 
cardiac dilatation makes it plain that a comparatively small amount of chlorofonn— * less, indeed) 
than is commonly used for deep anaesthesia — can affect the condition of the heart in a notable 
degree. There could hardly be a stronger proof. The abnormal condition of the experiment can 
scarcely interfere with the abolition of the conjunctival reflex at least not more than operative 
procedure of various sorts. Further, it is clear that, as a comparative test of the action of 
chloroform and ether, the presence of the conjunctival reflex is of prime importance, Any in- 
fluence exerted by abnormal conditions of experiment is present (‘qually in both cases ; hence 
they cannot interfere with the fair comparison of the two anaesthetics. 

6. Another form of experiment may be brought to bear upon the (juestion under 
consideration. A cat is <3eeply chloroformed by natural inhalation in the* ordinary way, by 
holding a cloth with a small quantity of chloroform near the animars mouth and nose. Deep 
anffisthesia is brought about, the conjunctival reflex being completely abolished, while the respi- 
ration goes on regularly. Then the chest is rapidly opened and the heart examined. In some 
cases I have caused artificial respiration — ^by means of a canula thrust into the trachea — to bo 
performed as soon as 1 began to open the chest, in order to avoid any chance of error from lan 
asphyxial condition being developed during tlio short period elapsing between (a) the cessation 
of the natural respiration (on account of the thoracic wall being cut through), and (&) the 
moment at which the state of the heart became visible. By this mode of experiment I have 
seen distinct evidence of cardiac dilatation caused ))y the inhalation of chloroform in the usual 
way, even though when it had not been carried to such an extent as to paralyse the respiration, 
and when there were no abnormal conditions to be considered, 

7. The evidence obtained from an inquiry into the mode in which chloroform proves 
dangerous gives information of great importance. Undoubtedly, in the great majority of cases 
of chloroform collapse, the respiration stops before the heart action has become entirely 
ineffective. Indeed, in healthy animals, at the time the respiration stops “and for a variable 
period afterwards, the heart, though dilated, is, as a rule, quite able to play its part in main- 
taining a blood-pressure which, though low, is compatible with the continuance of life. 
This is, I believe, by far the most common condition in healthy animals. The heart is directly 
acted upon by chloroform, with the result of inducing a more or loss extensive dilatation of 
its chambers ; but this depression does not, in the majority of cases, assume lethal propor- 
tions until the respiration has been arrested. The cardiac change is usually not sufficient by 
itself to induce a fatal result ; when death occurs, the depression of the heart is commonly 
associated with vaso motor and respiratory failure. But since the heart is directly acted op by 
chloroform, and that to a variable extent, it would not be surprising if, in some cases at 

» The coninnetival reflex is, in cats, an excellent guide to the general conditions of the animal, though, as In tho 
human subject, there are occasionally slight Tadations in time at whioh it beoomes abolished. 
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least— even in healthy animals — the cardiac change should be, present in a preponderating 
degree, and should prove the determining factor *in bringing about a dangerous collapse ; in 
other words, that death should sometimes be mainly due to cardiac failure, preceding the 
cessation of respiration. Such I have actually found to be the case in at least three instances, 
in a total of about seventy animals, whore the decisive cause of collapse was the state of the 
heart. I shall briefly state the main facts of these three cases, in which chloroform collapse 
was clearly due to cardiac failure, and where the natural respiratory efforts continued to be 
manifested for prolonged periods after all^eigns of heart action had disappeared. 

Case I.— A cat was rendered unconscious by being put into a box with some chloro- 
form. It was then taken out and more of the anaesthetic was administered in the ordinary 
way — by chloroform on a cloth held near the animal’s mouth and nose. The animal had not 
been injured in any way, and had not been fastened down, when suddenly collapse occurred. 
The heart been ceased to bo felt and the pupils dilated widely, while the natural respiration 
went on regularly, though it soon became somewhat slowed and slightly spasmodic in character. 
Air entered freely ab each inspiratory movement. Artificial respiration — by rhythmically 
compressing the chest — was immediately begun, while pressure was applied to the abdomen. 
The animal’s spontaneous respiratory movements continued to go on regularly, while artificial 
respiration was also carried on. After this state of things had lasted for five minutes a canula 
was put into the trachea (compression of the chest being meanwhile continued and the sponta- 
neous respiratory movements still going on), then compression of the chest was discontinued, 
and air was pumped into the chest from tho bellows used for artificial respiration. The 
spontaneous motions of breathing soon ceased, and a very few minutes later (ten minutes after 
collapse had occurred) the thorax was opened and the heart viewed through the intact 
pericardium. Tho whole organ was seen to bo greatly distended, while rhythmical move- 
ment of an exceedingly feeble and entirely ineffective character was still seen. The rate of 
the futile contractions was quick. The ventricles were rhythmically compressed between the 
thumb and forefinger at about the ordinary rate of the heart boat, and, after a period of 
fibrillar contraction, the organ recovered its usual mode of action, tho pulse was restored, 
spontaneous respiratory efforts were again manifested whenever tho artificial respiration was 
intermitted, and the whole condition of the animal continued to be most satisfactory through- 
out the course of a prolonged experiment. 

Case II.-^-A cat, after being anaesthetised with chloroform in a box, was fastened on a 
Czermak’s support ; a canula was tied in tho trachea, and tho left carotid artery was exposed. 
When the animal was “breathing spontaneously through the tracheal tube a little more 
chloroform was given. The pulse quickly disappeared from tho exposed carotid, and the 
artery bocsime small and collapsed. The respirations did not stop at all, but continued 
without interruption ; they soon assumed a slower and deeper type, and then went on steadily 
in the same fashion. Pressure on the abdomen, immediately applied, had no effect on the 
condition of the carotid artery : it remained collapsed as before. Artificial respiration, by 
rhythmical compression of the chest, was immediately begun and kept up for ten minutes, 
during which time the spontaneous respiratory movements went on as before. Artificial 
respiration, by blowing air into the lungs, was then commenced : the thorax was opened, and 
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the heart inspected. The orgqji was found to be greatly dilated in all -its parts, while 
extremely feeble rhythmic contractions were Still present, utterly incapable of discharging the 
contents of the cardiac chambers. Rhythmic compression of the ventricles was then employ- 
ed, and kept up for nearly twenty-five minutes, at the end of which the regular action of the 
heart was restored — more than thirty-five minutes after the collapse had occurred. The 
ordinary blood-pressure was soon regained, the respiratory centre speedily showed signs of 
activity, the conjunctival reflex was restored, and the condition of the animal kept up through 
the whole duration of a long experiment as if no collapse had occurred. 

Case III. — Corresponded in all its details so closely with the history of Case II., that 
it is unnecessary to relate the sequence of events in detail. The spontaneous respiration 
continued for ton minutes after the exposed carotid artery had become collapsed and 
pulseless. Recovery was brought about in the same way as in Case II. 

The phenomena presented by all those cases were most closely observed, and recorded 
immediately afterwards. The features of the collapse showed a remarkable resemblance to 
what has often been described as occurring under the influence of chloroform in man. Care 
was taken to leave no room for doubt as to the nature of the spontaneous respiratory move- 
ments which went on so long (ten minutes) after the circulatory failure. They were no 
deceptive movements of the chest without proper entrance of air ; each respiratory efiPort 
was attended by a free passage of air into the thorax. The reason why the spontaneous 
breathing movements continued long even after vigorous artificial respiration was instituted 
was, in all probability, that though abundance of air was supplied to the lungs by artificial 
respiration, the collapsed state of the circulation prevented the due conveyance of oxygen 
from the lungs to the respiratory centre in the medulla oblongata ; hence that centre went on 
sending out impulses to the respiratory muscles. 

It is evident the collapse was not dependent upon vaso motor paralysis ; firm pressure 
immediately applied to the abdomen produced no beneficial result, as it would have done had 
the heart not been rendered functionally incapable by the influence of that chloroform. 

It is extremely probable that a condition of cardiac failure occurred in some of the ex- 
periments of the Second Hyderabad Chloroform Commission. In their Report* (Section 25) 
they state that it is never in any case certain that artificial respiration will ^restore the natural 
respiration and blood-pressure, no matter how soon it is commenced after thq respiration stops. 
And they found that in some cases, even after the spontaneous respiration had been restored, 
the pressure continued to fall and respiration again ceased ; artificid respiration then failed. 
Such results were in all probability due to the heart being greatly dilated and unable to perform 
its functions. 

Occasional Occurrence of slowing of the Hearths Action under Chloroform . — ^Atempprary 
but marked slowing of the cardiac rhythm under chloroform I have seen in various intances. 
Such a change was first illustrated, as an efiPect of chloroform, by the tracings of the Chloro- 
form Committee of the British Medical Association (Glasgow Committee] in 1879. As far as 


^ Zratice^, January 18th, 1890. 
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the evidence afforded by my experiments goes, the slowing of the heart seems to .be most 
commonly due to asphyxial conditions ; the Seoonri Hyderabad Commission has urged that it is 
always asphyxial. But I have seen facts which indicate that cardiac slowing is in some cases 
due to causes other than aphyxia, for example, to sensory irritation when th(^ state of the 
anaesthesia is not such as to render the cardio-inhibitory centre inexcitable by afferent stimuli. 

In any case the cardiac slowing is ^lot duo to a direct influence of chloroform on the 
heart ; it is entirely different in its nature apd causation from the cnfepbloinent and dilatation of 
the organ described in this paper. The latter, it has been seem, is a result of the direct action 
of chloroform on the cardiac substance. On the other hand, the temporary slowing of the hc^art, 
which occasionally occurs, is duo to stimulation of the card io- inhibitory centre in the medulla, 
as I found at an early stages ol* this investigation. It is abolished by section of both vagi, and 
its characters can be imitated by direct stimulation of the vagi. 

Slowing of the cardiac action under chloroform does not, as far as I have seen, prove 
dangerous in itself in healthy animals, whatever it may do in conditions of derangement and 
disease. The mode of failure in the healthy animal is not by a slowing or sudden cessation of 
the cardiac rhythm, hut by an enlcebloment and dilatation of the organ while the rhythmic 
(but ineffectual) contractions go on. 

Relation of the Tnflnence of Chloroform fo the Oeenrrenec of FilmUar Contraction in the 
Ventricles ITerz delmuni^ or Delirium Cordis). — 1 have several timers witnessed the super- 
vention of fibrillar contraction or dedirium cordis in the ventrich^s of th(^ cat’s heart from the 
influence of chloroform. The normal heat was abolished, and the ventricles were thrown into 
the wildly-irregnlar, inco-ordinated, ineffective action characteristic of this condition. But 
such an accident never occurred in any of my experiments with ana?sth(dic doses of the drug, 
but only when an overdose of strong cliloroform va 2 )our was pum]>od into the lungs. I have 
seen no proof that such a mode of cardiac failure may result from tlie adminisiratioii of chloro- 
form in the ordinary way in healthy animals. At tli(» same time it is ])ossiblo that the occur- 
rence of fibrillar contraction may be a cause of death in some abnormal conditions wliero the 
ventricles become prone to asjJUiiK! tliis disasti’oiis form of activity. The depression and dila- 
tation of the heart induced by chloroform may terminate in a fatal onset of fibrillar contraction 
or delirium cordis. • 

TART IV. 

• 

The Relation of certain Changes in the Respiration to tlw Effects of Chloroform — Altera- 
tions in the rjjte and dejith of the breathing exert a ])rofoun(l influence on the effects produced 
by chloroform. The results following the administration of a definite amount of the anoesthotic 
depend. largely upon the rapidity with which it is introduced into the circulation. A small 
amount of chloroform quickly taken in produces vastly more potent effects than a largo 
quant: ty slowly absorbed over a considerable period of time. Hence the absolute amount of 
the drug taken in by an animal — apart from consideration of the time spent in its introduction — 
proves no guide at all as to the degree of influence produced by it upon the various systems. 
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A large amount may be given, in half an hour with a continuous but slight* efPect upon the 
several functions, but a more fraction of this ^quantity given in half a minute may be suffi- 
cient to cause death. 

Now, variations in the eflFects of chloroform in any particular animal appear, in ordi- 
nary circumshinces, to be effected more powerfully by changes in the number and depth of 
the respirations than by any other factor. When chloroform is given by inhalation in the 
usual way (upon a cloth held near the mouth and nose), an amount of the drug which may be 
used with safety during ordinary easy breathing may speedily produce dangerous results when 
the respirations become rapid and deep. On some occasions I have tested this matter in a 
slightly different way— by causing an animal to breathe through the anaesthetic bottle, and 
observing the influence of certain definite doses of chloroform (a) during easy breathing and (6) 
during rapid gasping respiration, the state of the blood-pressure and the general condition of 
the animal being similar in both instances. The chloroform was given by being introduced 
into the anscsihetie bottle, through which the animal’s (spontaneous) breathing was carried on. 
The difference in the oftccts of a lew minims of chlorolbrm in the two cases was very striking ; 
a dose that had only a slight influence during easy breathing was productive of powerful effects 
when given during rapid and deep respiration. 

In experiments where artificial respiration was carried on by pumping air into the 
lungs, I have often tesh^d the same point. Respiration was first carried on at a moderately 
slow rate (20 to 30 per minute), aud the extent or depth of tho respiratory movement was 
such as to rcsembl(> easy breathing. A (jortain amount of chloroform was injected into the 
anaesthetic bottle, and its effects on the blood-pressure, conjunctival reflex, etc., recorded. 
When tlie results of this administration had j)assed away, a change was made in the artificial 
respiration ; the movements were accelerated (to CO ])er minute), and rendered more extensive ; 
then chloroform in the same amount as before was introduced into the bottle. It was found 
that equal doses of the anaesthetic, administered in the two different conditions of (a) moder- 
ate respiration, and (J?) exaggerated respiration, had remarkably different effects. With moder- 
ate respiration, the results of a certain dose (for example, two minims), wore very slight, 
whereas the same dose during exaggerated respiration caused grpat depression — extensive fall 
of blood-pressure, etc. In these exp<?rinients the thorax was intact, and the animal was unin- 
jured save for tho introduction of a canula into the carotid artery for the purpose of obtaining 
a blood-pressure tracing, and a canula into the trachea for artificial respiration. 

Similar results were obtained in experiments conducted thorax laid open and 
recording apparatus applied to the heart, as described in Part II. of this Report. The minuteness 
of the doses of chloroform required to produce very marked results in many of my experiments 
(described in Part II.) was in close relation with the rapidity of the artificial respiration carried 
on. Such a respiration was necessary in order to avoid the manifestation of spontaneous efforts 
at breathing. Moreover, this rate is no greater than what is very frequently seen in the 
spontaneous breathing of tho cat under chloroform. 

From the great variation in the influence of a definite amount of chloroform, according 
to the rate and depth of the respiration, it is evident that the ensuring of free dilution of 
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chloroform with air and the restriction of Ihe amount of chloroform vapour to a cer^iiu per- 
centage do not necessarily prove a safeguard against the speedy intake of an overdose. For air 
containing a suflicient percentage of chloroform va^iour, for safe and efifoctive ansesthesia dur- 
ing easy breathing, will, during deep and rapid respiration, supply a vastly greater amount of 
chloroform to the puBnonary capillaries. I am not able to state precise amounts for the volumes 
of air taken in during easy breathing and exaggerated breathing in the case of the cat. But 
we know^that in man the quantity of air tak^n in at each respiration during easy breatliing is 
about 20 cubic inches : whereas, daring a ijery deep breath, about 100 cubic inches may be 
inspired. Thus five times as much air is taken in at a very deep breath as by an ordinary in- 
spiration; but, in addition to the difference between ordinary breathing and de(»p breathing, we 
have to consider the results of acceleration. 

In addition to a change in depth we have oit(m a great change in rate. The rate may 
be doubled or trebled at the same time that the de[)th is inereased. Hence it is evident that 
the amount of chloroform taken in during a period (for ('.xampl(‘, 10 seconds) of deep I'apid 
breathing may be at le;^st ten or fifteen times as much as during a similar period (10 seconds) 
of easy bnjathing. ^nd, if there is a fixed percentage of chloroform vapour in the air all the tiiiu^ 
it is obvious that ten or fifteen iinn^s as much chloroform will lx; adniitt(*d into the lungs in the 
one period as in the other. Now, it will readily be understood that — especially if chloroform 
is already present and exerting its influence to some oxient in the circulation — an overdose 
may be very speedily given in this way, and ovidemeeB of dangerous collapse may present 
themselves with striking suddenness. 

The chloroform taken in will, of course, tend to lower the l)lood-pr(;ssuro, and so lend to 
retard the access of the drug to the vitid organs ; but, as we have s(xui tlx; lu^art oft(m shows 
signs of dilatation before there has been sufficient tinx; I’oi* the fall of ))lood-[)rossurc to be 
brought about ; henco in all probability in some cases an amount of chloroform suf- 
ficient to cause disastrous results may ho taken in bedbre a i)rot(;ctivc fall of pressure 
can come efficiently into play. Especially wdieu deep rapid respiration is accompanied 
by a high or tolerably high blood-pressure, the amount of the ansesthetic raiudly taken 
in is apt to prove dangerous ; and a fairly high pressure may be present for a time, 
even though a good deal of chloroform has been taken in. For example, when — 
altl^ough a considerable amount of the drug has been a<lministered — the anaesthesia is not suffi- 
ciently complete, strong sensory irritation (for example, operative interference, or the intro- 
duction of too concentrated chloroform vapour into the air passag(;s) can induce a marked rise 
of blood-pressure. The blood-pressure rises under the influence of sensory irritation, even 
though there is in the circulation an amount of chloroform sufficient to maintain a pronounced 
lowering of pressure in the absence of sensory stimulation. 

Further disturbances of the breathing and the occurrence ol’ deep rapid inspirations 
are apt to be excited by sensory excitation during imperfect ansesthesia, when the influence of 
the chloroform is not sufficiently great to prevent the respiratory centre being reflexly affected 
in this way. In this condition^hen there may bo suddenly developed the conditions that are 
most favourable to the rapid intake of an overdose of chloroform, namely, quick gaspmg respi- 
ration, accompanied by a high blood-pressure. 
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4t times sudden exaggeration of the respiration and a rise of blood-pressure may result 
from a temporary obstruction of the breathing. And in some instances it is possible that exag** 
gerated respiration may be duo to a directly, stimulating effect of chlorotorm on the respiratory 
centre, but in this case it would probably not be so sudden in its development. 

Inlluenae of certain Changes in the Action of the Heart and in the Blood-pressure upon 
the Effects of Chloroform Inhalation , — I have seen no grounds for believing that changes in the 
action of the heart alone (for examj)le, changes in rate) can influence the results of chloroform 
administration, except in so far as such changes affect the blood-pressure. A great increase in 
the rapidity of the heart's action may be attended by little or no rise in the blood-pressure. 
I have frequently seen a gre^at and sudden acc(deration of the heart without any important 
change of pressure ; and, conversely, a marked slowing of the cardiac rhythm may be accom- 
panied by no fall of pressure. It is really tlui alteration brought about in the blood-pressure 
that is directly productive of marked effects in regard to the infliKmce of eliloi'oform. Changes 
in blood-pressure do undoubtedly modify in every important dc'gree tlu^ resulis of chloroform 
or ether inhalation. The great nisistaiico towards both chloroform atid ether during certain 
conditions of low arterial tcuisioii (for ('xam[>le, from vagus stimulation or section of splanchnics) 
has been already nderred to, and is quite in accordance with the observations of the 
Hyderabad Commission on th<5 same point. An amount of chloroform which may be given 
during a state of low arterial tension (depending on causes other than the auiosthetic) without 
marked effect may load to grave results if the pressure be suddenly raised by artificial means, 
for example, by compression of the abdojtiinal aorta. The dose of chloroform then reaching 
the vdtal organs is largely increased on account of the great augmentation of the blood stream 
in the head and upper part of the body. In this way a sudden change of pressure may bo 
productive of dangerous effects. 

During a condition of low arterial pressure the occurrence of an asphyxial condition may 
cause a great rise in the pressure, and thus lead to considerable variations in the amount of 
chloroform reaching the vital tissues, especially if the elevation of pressure bo followed by the 
occurrence of exaggerated respiratory efforts, as may readily happen on the removal of a 
mechanical obstruction to breathing. 

AVhen a low arterial tension is dependent on the depressing influence of chloroform 
there is little or no chance of any important rise of pressure being brought^about by irritation 
of sensory nerves ; the ansesthetic prevents the occurrence of such a vascular constriction from 
sensory excitation. 

But during imperfect anaesthesia a moderate pressure may suddenly be converted into a 
high pressure by strong irritation of sensory nerves, causing stimulation of the vaso motor 
centre and increased vascular tone. When such an elevated pressure is combined with violent 
respiratory efforts, there is danger of an overdose of chloroform being taken in unless great 
care be exercised. 

The danger involved in the abrupt change from a low pressure to a high pressure is due 
to the fact that when the pressure is low chloroform may be given in comparatively large 
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amotmt withont producing any striking effect ; the chloroform jnay be pushed, and then when 
the pressure suddenly rises dangerous effects may wpeedily ensue if the administration of the 
anaesthetic is continued in the same way (in the same strength) as was employed during the 
state of low pressure ; the amount of chloroform reaching- the vital organs becomes much 
augmented with a high pressure. It is evident, then, tliat a low blood-pressure must last for 
some time, so as to lead to a more abundant administration of chloroform, before any danger can, 
with reasonable care, be caused by a change^to a higher pressure. Hence the occurrence of a 
very brief and transient phase of low presscro (such as may bo caused by a short inhibition of 
the heart), follow(id by a speedy rise to the normal height, does not introduce any special 
ganger in the use of chloroform ; for the period of low pressure does not last long enough to 
induce the administrator to give chloroform more abundantly, and thus there is no danger in 
the subsequent rise. 

Apart from the influence of asphj^xial conditions, a change from a very low pressure to 
a high pressure is very rare under chloroform. Such a change can, of course, be easily 
brought intentionally {for example, by stimulation of the vagus, compression of the vena cava 
inferior, etc.\ and it may possibly occur in certain peculiar circumstances of operative proce- 
dure, but its occurrence in such a degree as lo (constitute a serious danger in chloroform 
administration is probably rare. 

On the other hand, it has been already . stated that during imperfect anaesthesia a 
sudden change from a moderate to a high pressure (caused by sensory irritation) may co-operate 
with exaggerated respiration in loading to the intake of a dangerous overdose. 

Tndkaiions of JHanger during Chloroform Administration derivable from the Respiration 
and from the Blood-pressure. — The ndative importance of observation of the respiration and 
the blood-pressure with regard to the warnings of danger dcrivabhj from them was studied in 
many experiments in the following manner : A cat, rendtu’ed unconscious with chloroform in 
the usual wjxy, was fastened on a Czermak’s holder ; a blood-j)ressuro tracing was taken (by 
means of a Ludwig’s kymograph) from the carotid artery, and a tracing of the respiration by a 
tambour kept in contact with the animal’s chest and communicating with a recording tambour 
which inscrib(»d its movement on the rcicording surface simultaneously with the blood-pressure 
tracing. More chlqrolbrm was then giv(»n on a cloth held near the animal’s mouth and nose, 
and after a time th« anaesthetic was pushed. The course of th(i blood-pressure and the respira- 
tion was accurately registered by their tracings ; it was found that indications of approaching 
danger were given most cohimonly by the respiration, but this was l)y no means mvariahly the 
case. In several instances warning was given first by the blood-pressure. A sudden and 
precipitous fall of pressure occurred at varying periods — fifteen, twenty-five, thirty seconds, and 
even longer — before there was anything in the state of the resjuration to cause alarm, and 
even then the respiration did not stop, but became slowed and somewhat spasmodic in its 
character. Sometimes a slight change cither in rate or force is seen in the respiratory tracing 
along with, or very soon after, the fall of pressure, but such a change would not have been 
apparent to the eye without the use of accurate recording apparatus ; and even when visible to 
the eye, the respiratory changes accompanying a dangerous fall of pressure were sometimes 
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not morecinarked or notable than alterations in the respiration occurring at earlier phases of 
chloroform administration and attended bjdtio serions consequences, though the giving of the 
ansasthetic vras not suspended, or any remedial measures adopted, 

The sudden and precipitous fall of blood^-pressure above referred to as giving warning 
of an overdose was, I have no doubt, attended by a marked change in the pulse — such a change 
as could have been appreciated had the pulse been felt during its occurrence. ^ 

The period intervening between the indication of dangt^r g:ven by the blood-pressure 
and that afforded by the respiration in these cases is a short one, but there can be no doubt 
that in such cases the gaining of even a very short time may be of extreme importance. TheP 
difference of a very brief period as regards the moment when the further administration of 
chloroform is stopped, and remedial measures adopted, may turn the scale in favour of recovery 
or death. 


TART V. 

General Conclusions, 

1. During chloroform anaesthesia the blood-pressure is lowered and tlie heart’s action 
is weakened. 

2. Dilatation of the heart occurs to an appreciable extent, even when chloroform is 
administered gently, mixed with abundance of air (under 4 per cent, of chloroform vapour in 
the air). 

3. Dilatation may occur even before the conjunctival reflex is abolished. 

4 . The dilatation affects all parts of the heart more or less — the left side as well ns the 
right. It is not duo to changes in the pulmonary circuit. 

5. The dilatation is not duo to the accompanying fall of pressure, to the diminished 
resistance to the ventricular systole, or to the diminished blood-supply through the coronary 
arteries. Dilatation does not result from a similar fall of pressure brought about by means 
other than chloroform, for example, arterial relaxation caused by section of vaso motor nerves. 
Dilatation under chloroform often occurs very quickly, before there is any fall of pressure. 
Moreover, when the dilatation has followed a fall of pressure it is not removed by artificially 
raising the pressure, for example, by compression of the abdominal aorta. 

6. There is no distinct change in the rate of the heart’s action when dilatation occurs, 
A sudden and complete cessation of the cardiac rhythm is never caused by the inhalation of 
chloroform. Cardiac failure occurs by a more or less sudden enfeeblement and dilatation of 
the organ ; not by a sudden complete cessation of rhythm. 

7. The tone of the heart muscle is depressed, the cardiac walls become relaxed, and 
the functional efficiency of the organ is impaired. 
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8. When the heart becomes greatly dilated it fails to ^ an effective force ip keeping 
up the circnlation, while ite rhythmic movement still continaes — ^though so feebly as to be 
inefficient. 


9. Cardiac iailnre sometimes oocuro in this way a considerable time before the respira- 
tion stops, though generally the respiration stops before the heart has become incapacitated. 

♦ 

10. The failure of artificial respiration to bring about recovery (in some cases of 
ebloroform collapse), when begun immediately after the spontaneous respiration has ceased, 
is in all probability duo mainly to the enfeebled and distended state of the heart, which has 
become unable to maintain the circulation. Hence the supply of fresh air (by artificial 
respiration), free from chlorofonn, cannot be taken advantage of. 

11. The dojM’essing influence of chloroform on the heart — Pleading to dilatation of its 
cavities— is not exerted through the vagus nerves, but is a direct eflfoct of the drug upon the 
cardiac mechanism. Section of both vagi does not obviato the weakening and dilating 
influence of chloroform upon the heart. 

12. The weakening and dilating eflects of chloroform are sometimes manifested in toler- 
ably equal degree on both auricles and ventricles ; but sometimes more readily upon the auricles, 
and at other times upon the ventricles. 

13. A peculiar periodic depression of the ventricular action sometimes occurs during 
recovery from the primary effects of cliloroform. 

14. The contrast between the relation to the heart’s action of chloroform and other in 
anaesthetic doses is very marked. With chloroform, cardiac dilatation frequently occurs — and 
often, indeed, a very marked dilatation— before the conjunctival reflex is abolished. With 
ether, the induction of anajsthesia with comjdete abolition of the conjunctival reflex has not 
been attended by any noteworthy dilatation ; indeed effects of a stimulating character have 
sometimes been observed, and the peculiar periodic ventricular depression sometimes following 
chloroform has been seen to bo removed. 

15. Under the influence of chloroform a temporary slowing of the heart’s action 
sometimes occurs — from asphyxial conditions or from sensory stimulation during imperfect 
ansBsthesia. This ,slowing,is quite different in its nature and causation from the enfeebling and 
dilating effect already mentioned. The slowing is not duo to direct influence of chloroform on 
the heart, but is indirectly brought about through the vagus nerves. It does not appear to be 
dangerous in the healthy animal. 

16. The occurrence of fibrillar contraction (delirium cordis) does not appear to bo a 
primi’-ry mode of cardiac failure from the inhalation of chloroform in the healthy animal, 
though it may sometimes supervene when the heart has become distended and incapacitated by 
chloroiorm. 
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11 The fall of blood-pressure under chloroform is in its earlier stages due mainly to 
the depressing effect of the ancssthetic on the^vaso motor centre, preceded often by a slight 
stimulation ; the later stages are associated mth failure of the heart as well as of the vaso mo- 
tor centre. 


18. The relative occurrence of cardiac dilatation and vaso motor depression varies, 
Sometimes the heart begins to dilate early — before* there is any fall of pressure ; at other times 
a large fall of pressure may occur before cardiac dilr-tation becon\es marked. 

19. The lowering of the blood-pressure is in a certain sense protective ; it retards the 
access of more chloroform to the vital organs. But, on the other hand, the fall of pressure may 
become excessive and produce dangerous effects. 

20. In certain circumstances, when chloroform is very suddenly taken in, a dangerous 
dose may bo absorbed, and the heart inay become seriously affected before the vaso motor 
centre has had time to be much depressed. 

21. When a fall of carotid pressure has been brought about by the gradual inhalation 
of chloroform in the ordinary way, firm pressure applied to the abdomen causes a marked rise 
of pressure — ^very much more than can be obtained by inversion of the animal. And even 
when the fall of pressure is due to the sudden inlialation of an (‘xcess of chloroform, pressure 
on the abdomen commonly, but not in all cases, leads to a decided rise in the carotid pressure. 
The existence of cardiac failure may prevent the possibility of such a cluinge. 

22. Changes in the respiration exert a most important influence upon the effects of 
chloroform administration. An amount of chlorofonn which can be given with safety during 
easy breathing may speedily become dangerous during deep, rapid respiration. 

23. Free dilution of chloroform with air — the restriction of the percentage of 
chloroform vapour to 4 or 4 J per cent. — gives no security against' an overdose. A percentage 
that gives safe anaesthesia during ordinary breathing may lead to fatal collapse if given during 
exaggerated respiration. 

24. Changes in respiration may be excited by sensory stimulation (operative interfer- 
ence, too strong chloroform vapour, etc,^ during imperfect anaesthesia. Rapid, gasping 
respiration occurring in such circumstances is usually accompanied by a rise in the blood 
pressure, and, as there may be already a considerable amount of chloroform in the circulation, 
there occurs a combination of circumstances specially favourable for the speedy and sudden 
development of dangerous collapse. 

■ Note^^l hope soon to publish tracings illustrative of some of the experimental facts 
' described in this report. 
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ARTICLE, REPRINTED FROM THE MEDIGAL CHRONICLE 

OF APRii 1890. 

. By ALEXANlJEll WILSON, m.k.c.s., 

Administrator of Anaesthetics, Royal Infirmary, Manchester. 

The opinion that, in a certain number of cases, death from chloroform is due to cardiac 
paralysis, was first enunciated by Dr. Sibs&n {London Medical Gazette^ Vol. XLII., p, 109), 
and it is important to note that this conclusion was originally arrived at, not from physio- 
logical experiment, but from a consideration of the first fatal cases in man. 

There appears to have always been some contradiction between the results obtained by 
experiment on animals and thos(5 obtained by clinical experience on human subjects. Thus, as 
early as 184t), Mr. Thomas Wakley proved, by a series of experiments on animals, that in deaths 
from chloroform the heart continued to beat after cessation of the respiration, these results being 
confirmed by a Commission held in Paris in 1855 {UUnion Medicalcy No. 13, 1855). 

Notwithstanding these experiments, the reported fatal cases from chloroform inhalation 
appeared to indicate that in man, at least, the failure of the heart preceded ihe cessation of 
respiration. The grounds for tliis belief are that the fatal result is usually sudden, the patient 
in the midst of violent struggles, after a deep inspiration, becoming at once practically lifeless, 
the pulse stopping before the respirations, and occasionally becoming distinctly and gradually 
feebler before cessation of the respirations. But, no doubt, the main reasons for the belief 
were the suddenness of the result, the cessation of the pulse, and the non-success of artificial 
respiration to restore the patient. 

Dr. Snow was the first to reconcile the difference between the results of experiment and 
of clinical practice, by showing that death might happen in one of several ways, according to 
the amount of chloroform absorbed — 

(«) Chloroform iuhalecl gradually, until death resulted, killed by gradual paralysis of 
respiration, the heart continuing to beat after cessation of the respiration. 

(/>) But when a large dose of the drug -was suddenly taken into the system, the heart 
ceased beating before the respiration stopped. 

(/?) It was also thought that this sudden paralysis might set in before insensibility was 
produced. The cardiac paralysis was considered to bo the chief factor in the fatal result, 
because efficient artificial respiration did not resuscitate these cases. 

'^ere was an impression that the cessation of the respiration might bo entirely remedied 
by artificial respiration, but that the affection of the heart was necessarily fatal. 

Glover, wHting about 1875, says of chloroform besides its liability to caltte 

apnoea, which is remediable, it may produce total arrest of the heart’s action, which is not so.” 
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These vieers of the action of chjoroform were confirmed by the Commission* of the Medico- 
Chimrgical Society, London, in 1864, and a^in in 1879 by a committee of the British Medical 
Association, in their report on the action of anaesthetics {British Medical Journal^ 1879, Vol. I., 
pp. 1 and 921), stated that “ chloroform has sometimes an unexpected and apparently capri- 
cious eflFect on the heart’s action. Chloroform may cause death in dogs by primarily paralysing 
either the heart or the respiration. The variations in this respect seem to depend to some 
extent on individual peculiarities of the animals (?)• In most cases respiration stops before the 
heart’s action, but there was one instance in which respiration continued when the heart had 
stopped, and only failed a considerable number of seconds after the heart had resumed.” 

The whole work of the committee tended to proven the conclusions arrived at by l)r. 
Snow, that under cerfaiin conditions chloroform did affect the heart before the respiration, 
though failure of the respiration w^as the most common cause of death. 

The Hyderabad (-hlorofonn Commission have come to a conclusion similar to that arrived 
at by Mr. Wakloy in 1848, and the Commission of the Society of Emulation of Paris, in 1852, 
va?., in death from chloroform the heart continues to beat after the respiration has ceased, 
results in contradiction to the previous London Commission of 1864, and the Glasgow Com- 
mission of 1874. 

There may be several objections taken to the unreserved application of the conclusions 
of these experiments to man. 

First, there is the difference which may exist in the action of chloroform on the heart 
of man and of animals. There is the possibility that the habits of life, the taking of stimulants 
and narcotics, especially the habitual use of drugs like tobacco— for the condition of the vagus 
centre is shown to be of great importance in relation to chloroform narcosis — may have some 
effect, if not in altering the behaviour of the heai-t muscle or its innervation, at least in modify- 
ing that chain of events upon which dej)ends tluj absor 2 )tion and distribution of the chloro- 
form by the blood. Amongst other points of difference between man and the animals experi- 
mented on are the relation of the vital capacity to the size of the :}nimal, and the interference 
with complete filling of its lungs, resulting from holding of the animal. 

It has often been shown that the suddenly fatal cases are rare in Jiuman subjects in 
which there is any impediment to the free expansion of the chest, Clover has pointed *out 
that a phthisical patient is less likely to take a fatal dose of* chloroform than one with 
healthy limgs, because his chloroform-absorbing capacity is diminished. Again, it has been 
noted that" few patients die suddenly from chloroform, when it is inhaled lying on the side; also 
few, if any, sudden deaths are reported in case of ovarian tumours. The explanation of these 
cases is that tlie interference with full expansion of the lungs by the position or the psesence 
of the tumour prevents the lungs taking in the necessary fatal dose. 

On the other hand, the greater number of the suddenly fatal cases occur in people with 
healthy chests and large vital capacity, in reducing dislocations of the shoulder, and in 



827 


minor operations; snch as teeth extraction, especially in those in yrhich the patient, b^g in the 
natural upright position, can give the respiratory muscles full play, and completely fill the 
chest. 

Thus it is jvorth considering if die holding of a struggling animal, such as a dog, 
might not so interfere with its breathing as to prevent the full dose being taken, especially as 
the animal would not bo likely to bo held in its natiinil position. There is an indication in the 
report that, in at least some cases, the holdiiTg of the animal did actually interfere with its 
respiration. If it did so in oiie case it prottibly did so in many, especially as a dog’s thorax is so 
shaped, that to hold its fore legs together in front of it, would prevent the complete expan- 
sion of its chest, and so prevent it suddenly taking a fair dose of chloroform vapour. 

In animals, too, wo have an absence of the desire to inhale freely. In at least one 
reported case the wish to inhale th(^ chloroform freely contributed largely to the fatal result, 

In chloroform accidents in man, of the verj" sudden variety, considered to be duo to 
cardiac sjmcope, a contain sot of conditions are present which are difficult to obtain in animals, 

• 

The su})ject is generally young or middle aged, with an expansile chest ; the chloroform 
is willingly inhaled, quietly at first, until semi-unconsciousness is produced, when the fauces and 
glottis are insensitive ; then, during struggling, with or without holding the breath, the patient, 
often in an upright or semi-U])right position, and lu^ving his amis fixed by the assistants, which 
gives his respinitory muscles good jiurchase, gets one or two decq) ins])irations at the greatest 
adWntage, and so obtains the maximum amount of chloroform. 

There is the desire to get under the influence of the drug th(^ voluntary inhalation fol- 
lowed hy the still steady conscious anxiety to inhale more, and fhen the involuntary deep in- 
spiration, in the natural position in which a deep inspiration (^Jiii be best taken. 

All these are conditions difficult to obtain in experiments on animals, and it is only 
under such conditions that the supposed cardiac paralysis has been j)roduced in man. 

The interv^al between Ihe stoppage of fhe hearl and flic resj)iration is so short that these 
points, trivial though they seAn, may easily be of im 2 )ortanee in modifying the resull. 

• It has always^ lieen maintained by flie advocates of the syncope tlioory that it is only under 
certain circumstanops, and hy a certain dc^fiuite combination of factors, that chloroform sufficient 
in quantity to paralyse the lieart can b(^ introduced into the l>lood, and that this particular 
bomhiiiation of circumstan(!bs occurs very seldom — about once in every 1,000 or 2,000 admin- 
istrations. 

Thus as Dr. Snow pointed out years ago, the effect of chloroform on any given case 
varies with the amount contained in the blood at any given time. 

This depends upon fhe strength of chloroform vapour exhibited to the pjitient, the ease 
with Miich it is inspired through tlie glottis, and the depth and frequency of the inspirations ; 
the amount actually absorbed depends upon the condition of the blood (its capacity for chloro- 
form may vary), the time it stays in the lungs, the rapidity of the circulation, and other factors. 
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THe idea that by certain combination of these several factors, the niaximnm quantity 
of chloroform was absorbed by the blood in the lungs and hurried to the heart, the next organ 
in the order of the circulation, not merely distending its cavities with chloroform-saturated 
blood, but also being distributed by the coronary arteries to every part of its substance, and so 
.causing paralysis. This result is also assisted by the condition of distension of the heart and 
the venous condition of the blood. 

. * 

That the arrangement of these various factors — respiration, pulse, etc ,^ — ^has an im- 
portant bearing in the action of the drug on the heart, is well shown by these experiments of 
the Commission. These showed that by varying the methods of administration in different ex- 
periments it was possible to make the heart cease beating at intervals of from one to twelve 
minutes after the cessation of the respiration. It is not impossible that by further variations 
the time might have been reduced until the stoppage was simultaneous with, or oven preceded 
the cessdtion of respiration, and the experiments would have been thus made to accord with 
certain reported fatal cases in man. 

The cases in which the heart ceased soonest after the respiration were cases complicated 
with asphyxia, that is, cases in which semi-asphyxia was produced, presumably followed by 
deep inspiration ; under these circumstances the heart ceased beating one minute after the res- 
piration stopped. Kow it is under conditions similar to these in man, that the so-called cardiac 
syncope occurs, and it is by working on these lines that attempts to produce it in animals should 
be made ; but it appears that the Oommission only made some four of those experiments hardly 
a sufficient number upon which to base an important statement. 

In ordinary practice, the several conditions giving a fatal result from cardiac syncope 
are combined about once in every two or three thousand administrations. Because the Com- 
mission did not obtain if- in some 600 attempts they conclude that it cannot exist. This is 
scarcely reasonable, especially as the bulk of their work was not upon the lines which promised 
the nearest result, those of deep inspiration after semi-asphyxia. 

The manner or means by which the movement of the heart was tested are of some mo- 
ment, as explaining the discrepancy between the results of experiment and practice. Most of 
the cases were tested by a needle introduced into the heart, or by opening the chest. These 
methods will indicate the merest quiver of the heart muscle, — movements that would, give, no 
indication of their presence to ordinary observation, and movements that would probably be of 
no functional use, in no sense contractions. It has boon noticed by other observers, that 
the hearts of animals killed by chloroform show fibrillary irritability, after the heart muscle, as 
a whole, is incapable of contraction, — a condition similar to this would indicate movement 
tested by the above, but such movement would be fallacious. 

It would be interestingdx) know the degree of action exhibited by the heart after cessa- 
tion of the respiration. Was the power of propelling blood retained ? If the action consisted 
only of muscular tremors it would be of little value, and hardly what ii^ understood by action 
of the heart. 
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The following case may be hero quoted as a good exani[Jo of the class of cliloroform 
accidents, upon which is based the theory of the oiption of chloroform on the heart ; — 

The patient was a strong, healthy labourer, who required an anaesthetic, while some 
adhesions were broken down in liis knee-joints ; ho had taken chloroform successfully three 
months previously. The case is reported by the surgeon who was superintending the adminis^ 
tration tf the anaesthetic. Chloroform was i^dministered by a towel. [British Medical Journal ^ 
1884, Vol. II., p. 811.) 

“ The patient showed not the least sign of nervousness . . . and commenced in- 

haling by several rapid shallow breaths, as if determined to get quickly under the influence of 
the anmsthetic. Following immediately upon the shallow movements w-ero three or four deep 
inspirations. Feeling that this metJiod must have entailed a largo and rapid consumption of 
chloroform, 1 directed the house surgeon to remove the cloth, when the patient, ihontjh still, 
hreathfuf/, was seen to have his eyes wide 0 ])on, the pupils rapidly dilating, and the conjunctiva 
insensible. The face ^vas neither livid nor pale ; the lips, indeed, were of their normal pink 
hue, and the cheeks slightly flushed. In fact, beyond the condition of the eyes, tJiore was 
nothing in the facial aspect to excite alarm. Up to this point, the time of the inhalation could 
not have exceeded oiui to two minutes. On feeling the right radial no pulse could be detected. 
The head was lowered, respiration then ceased ; not, however, until three or four breaths had 
been drawn after th(i r(».cognised cessation of the pulse. After the commencement of artificial 
respiration, the patient spontaneously made several gasps, but there were no father signs of 
vitality.'' 

This case is valuable becau.s(3 it is reported, not by the administrator of the aiiECsihetic, 
hut by one who was merely watching the case, and who had ami)le time accurately to note the 
events which occurred ; and the absence of struggling, so common in suddenly fatal cases, 
made the observation of the symptoms easy. 

Taken iji conjunction with the numerous rej^orted cases in which the patient passes 
suddenly from a condition of active struggling to a state of collapse, with gasping respiration 
and absence of pulse, it proves that chloroform, if it does not actually paralyse the heart, may 
cause death by some means equally sudden and cerhiin ; and that in such cases, the heart is 
practically stopped, as far as its functional value is concerned, before the respiration. The case 
indicates also that observation of the respiration alone will not give adequate warning of 
danger, for the respiratory jnovements may be perfect one secojid, and the next be on the verge 
of extinction, and hopelessly beyond recovery. It also show’s that fatal damage may have been 
wrought on the system before there is any outw\ard sign. 

This case is also noteworthy as contradicting the statements made by the first Hydera- 
bad Chloroform Commission that since 1850, no death from chloroform has occurred in which 
the respiration, and the respiration alone, was attended to throughout the administration. 

The patient ^as breathing perfectly, and there was no sign of respiratory failure when 
the administration was suspended, so that was the respiration alone observed it would only 
42 
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have signjtlled any clanger some seconds later. There can be little donbt bni that the pnlso in 
such a case, where the patient was quiet and«breathing tranquilly, would have exhibited some 
decided alteration liad it been observed. 

In the second portion of the report it is shovm that the essential action of chloroform on 
the system is to cause a fall in the mean hlood-pressnre. This fall is proportionate to the amount 
of chloroform inhaled and absorbed into the system. [It would have been interesting to have 
known the relation, if any, the condition of the bloodrpressure bore to the state of anaesthesia.] 

This fall in blood-pressure bears some relation to the respiration, but what this relation 
is, is not distinctly stated, and the cause of the fall in pressure is also not clearly assigned, except 
(Sec. 19) that it is not due to the direct action of chloroform on the heart, and must be due to 
paralysis of the vaso motor centre. This is important when taken in conjunction with the fol- 
lowing 'parts of the report (Sec. 3) : “ . . • If the chloroform is pushed further, there 
comes a point not easy to define when the blood-pressure and respiration will no longer be 
restored spontaneously, although the heart continues to beat after the inhalation has stopped.” 
And also (Sec. 25) : . It is never in any case certain that artificial respiration will 

restore the natural respiration and blood-pressure, no matter hoie soon it is commenced after the 
respiration stops.” 

This exposes a comparatively now and insidious danger in chloroform administration, and 
one as difficult to treat as the old cardiac syncope. It is quite conceivable that under certain 
circumstances the dose necessary irretrievably to damage the vaso motor centre may be inhaled 
with extreme rapidity, and that while the respiration and pulse are still present, the cer^re may 
be almost paralysed before much warning has boon given. 

From a record of fatal cases in man, it appears possible that this paralysis may, in certain 
conditions, be effected almost instantaneously, and before complete insensibility has been 
produced. 

In Section 20 injection of chloroform into the jugular vein caused no paralysis of the heart. 
It should be noted that this is not the most direct channel by which the heart can be reached ; 
and the experiment, when compared with inhalation, is open to criticism. Chloroform In- 
jected into the jugular vein passes with the venous blood to the right auricle, where it is mixed 
with the blood of the inferior vena cava from the liver ; from the right side of the heart it 
passes to the lungs, where the chloroform, being volatile, and the air in the alveoli of the lungs 
free from chloroform, a good deal may be lost ; finally, what remains of it reaches the heart. 

Chloroform given by inhalation is much more likely to reach the heart directly in large 
doses passing into the air cells ; about one-fifth of the whole blood of the body is at once 
exposed to it. This*blood, saturated with chloroform and unmixed with any non-chloroformed 
blood, goes direct into the left auricle and ventricle, and by tlie coronary arteries is first distri- 
buted into the very substance of the heart itself. As Dr. Bnow puts it In inhalation the 
heart is always a little in advance of the rest of the body as regards the amount of chloroform 



331 


vapour to whioli it is subjected.” Chloroform thus given by jnhalation may have* a more 
potent action than when injected into a vein, and ^e results of the two methods cannot well be 
compared. 

In Section 12^ the effect described os that of asphyxia on the blood-pressure, in causing a 
rapid fall of blood-pressure and slowing of the heart beat, is contrary to the received ideas on 
the subject. (“ Human Physiology.” Landois and Stirling. 1888 edition, p. 198.^ During 
asph 3 rxia, “ the blood-pressure measured in a systemic artery, the carotid, rises very 
rapidly, and to a groat extent during the hi^t and second stages ; the pulse beats are at first 
quicker, but soon become slower and more vigorous. The rise in pressure is due to stimulation 
of the general vaso motor centre by the venous blood, and the slow boating of the heart to the 
action of the venous blood, on the cardio inhibitory centre in the medulla.” 

The attempts to produce shock during the inhalation of chloroform (§ 33) uniformly 
failed. In experimenting on animals there are several sources of error. In the first instance, 
it is doubtful if animals suffer as much from shock as man, there is an absence of mental terror 
and the depressing •effect of the anticipation of the operation, &c. 

It is well known that the extraction of a single tooth in a state of semi-anassthesia may 
produce a considerable amount of shock and a painful mental impression that lasts for weeks, — 
an amount of shock far greater than would have bee'n felt had no anaBsthetio been exhibited. 

The lowering of the blood-pressure in the case of a fatty heart (§ 39) cannot be altogether 
an advantage in chloroform administration. It must, by the efforts the heart makes to keep up 
the pressure, increase the work of the heart, and at the same time dimmish the blood supply to 
the heart itself. 

It is important to note that in all these experiments there are double and treble reactions, 
which, though they have a beneficial effect in diminishing the amoimt of chloroform absorbed, 
are in themselves elements of danger. 

Thus, semi-asphyxia and inhibition of the heart are elements of safety by preventing 
the “ intake ” and distribution of chloroform, but the ultimate result of this is to cause rapid 
breathing and quick pulse, which, by the extra “ intake ” of chloroform and the quick distri- 
bution of that already inhaled, is an element of danger. 

This change from a*slow to a rapid pulse may be attended with very nearly fatal results, 
as is shown in Section 34, where an animal was nearly^ killed by a short inhalation, from the 
inhibition of the vagus having been stopped, and a more rapid pulse consequently resulting. 
This fall in pressure is in itself, in feebly nourished subjects, a source of danger, causing syn- 
cope ftom cerebral anaemia. 

There is a peculiar animus against the feeling of the pulse displayed by Surgeon-Major 
Lawrie in the first Report, and not entirely absent in the second. He goes so far as to state, 
** that since the year 18«>5, in Great Britain, there is no death from chloroform recorded in which 
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it was prpvod that the respiration alone w'as attended to throughout the inhalation.” This is 
surely a mistake ; there are several fatal casej» where the respiration only was attended to, one 
of which is quoted hero, and there are many more in which respiration was attended to as fully 
as possible. 

« 

Then reference is made to the teaching of what are termed antagonistic schools : Syme 
taught — “ We are guided as to the effect of the cyoroform not by the circulation, but entirely 
by the respiration.” Erichson teaches : “ When fully anoesthetisod the patient requires the 
most careful watching by the person who administers the chloroform ; his finger should never 
bo off tho pulse, nor his eye talien away from the countenance of the patient.” 

»Surgeon Ijawrio considers these opinions “absolutely irreconcilable”. They aro 
nothing of the kind. Erichsen’s directions aro only a little fuller an<l more complete than 
SymeV, and not incompatible with his. 

1 do not know the wording of tho earlier editions of Erichsen. but in recent ones 
(edition of 1884, Vol. 1., p. 24), in addition to the words quoted, it is slated, “ The breathing 
must be carefully observed.” It is unlikely that it is not mentioned in some part of the 
earlier editions, especially as Dr. Snow, with whose works Mr. Erichsen would no doubt bo 
familiar when writing the above, constantly emphasises the necessity for observing the state of 
the respiration and in reference to this point says ; — “ Tho imporlaiuie of attending to tho res- 
piration of the patient has previously been noticed, and it is so obvious a symptom that it can 
hardly be disregarded if any one is watching the patient ; it speaks, moreover, almost to one's 
instincts, as well as to one’s medical knowledge.” (“ Snow on Ancesthetics,” p. 258, 1888). 

Apart from any action which chloroform may have on the heart its(df, tho experiments 
made supply abundant reason for a careful observance of the pulse during the administration 
of the drug, and it is surprising that this point has not been referred to in the Practical Con- 
clusions. Its omission looks suspiciously like the result of prejudice against it. 

In tho report it is shown that the ajiiouut of chloroform inhaled (tho “ intake ”) depends 

upon the respiration, but that the effect of this “ intake,” tho way in which it is utilised, lies 

with the circulation, with the force and rapidity of tho pulse or the reverse. 

* 

It is shown that, with a slow pulse, concentrated chloroform vapour can bo exhibited with 
impunity, but with a full, bounding pulso dilute chloroform vapour may be dangerous. Those 
variations occur in practice, from the (piick full pulse of a patient with a high temperature to 
the slow pulso of a patient with jaundice, 

1' 

There have been fatal cases in man distinctly due to a non-consideration of these points. 
[Case reported in British Medical Journal, 1887, Vol. II., p. 051, where ether was given first, 
and then a small dose of chloroform proved fatal.] This is again illustrated in Experiment 177, 
Section 34, where sudden quickening of the pulse, from cessation of vagus inhibition, suddenly 
placed the animal in a condition of “ extreme and unexpected jeopardy”. Yet from some rear 
son, though stress is laid upon these points in the Eeport, they are omitted from the Practical 
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Conclusions. This is tlie/more strange, as tho Commission certainly proves that the circulatory 
apparatus is first influenced by the chloroform, and it is by vaso motor paralysis thait death is 
caused. AVhy, then, disregard it in administering tho drug ? 

As attention “to the pulse is so easily managed without neglect of tho respiration, and 
a proper knowledge of the state of the circulation has hem proved to bo most essential to the 
intelligent administration of an ana^sthciic, it is advisable that Ihe pulse should always be ob- 
served; it can, at least, do no harm, and, in con junction with the res])i ration, is a valuable help, 
quite apart from any informafion it gives of the general condition of the patient. 

The assistant in charge of the ana*sthotic must endeavour to be more than a mere dolor 
out of innocuous doses of chloroform ; lu^ siiould keep himself in touch with the whole condi- 
tion of the patient all through the operation."^ To endeavour to narrow his work to more watch- 
ing of tho respiration is mistaken policy. 

In reference* iq the question of cardiac rersu.'i respiratory i>aralysis, the following remarks 
appeared in the Lanrei for September 21, J 

“ Jn the Scotch capital, failure of respindion is regardcid as the chief or only danger ; 
while, in the metropolis, failure of the heart is more feared. It is quite possible that the sur- 
v^geons in both cities an^ right, and that the habits or mode of living of the j)eople may lead to 
Qjifferenccs in resisting ]) 0 wcr of the cardiac or respiratory aj>j)aratus respectively. The propor- 
tion of gouty patients is much larger in Jiondon than in Kdinburgh, and when W'e consider 
that tho natives of India aj>poar to resemble the t^cotch in their comparative immunity from 
cardiac paralysis bv chloroform.’” .... As most cases of deatli from chloroform are put 
down as due to cardiac paralysis, and this is said to be rare in Scoiland, tho impression is con- 
veyed that fatal cases of chloroform narcosis are unknown or rare in that country, and there is 
certainly an idea abroad to this efl'cet. It is not necessary to resort to a comparison of the 
habits of the people to exj)lain their immunity from fatal results. 

In Scotland fewer people die from chloroform, simply because fewer people inhale it. 
A population of 3,991,499 must necessarily^ give fewer chances for the administration of chloro- 
form than one of 2tJ,247,151 and consequciilly’ fewer possibilii y of fatal cases. Another point is, 
that such cases as do* occur are not alway s, from the absence of coroners’ inquests, brought to 
light a large number, if not the majority of the fatal chloroform cases in England, owing their 
publicity to the newspaper Reports of the coroners’ inquests. 

But deaths from chloroform do occur in ►Scotland and even in Edinburgh. A casual 
search in the*medical journals gives the following figures ; Edinburgh Royal Infirmary (1878 
to 1880), three deatha ; 'VVestcni (Sir (Jeorgo Macleod’s HospHal) Infirmary, Glasgow (1883 
to 1885), three deaths ; Royal Infirmapj^ Glasgow (1883 to 1885), two deaths ; other parts of 
Scotlund (1881 to 1883), six deaths. England, 110 deaths ; Scotland, 14 in same period, 
England, population 28,247,151 ; Scotland 3,991,499. 


[*¥• 1(16 NoU* by the Commission at the end of Mr, Wilson’s Article.] 
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In summing np the results of the latest Coinmission on chloroform jt is to be remem- 
bered that, in the opinion of many persons, as regards the first part of their work, viz.^ the 
investigation of the point, does chloroform paralyse the heart ? nothing new has been added to 
our knowledge. 

C • 

The result has been to confirm the work of some of the previous experimenters, but 
without explaining how the theory of cardiac paralysis appeared to be borne out by th^ experi- 
ments of Dr. Snow. There has always been since the discovery of chloroform sufficient 
evidence to prove that it is very difficult, if not impossible, to product suddon cardiac paralysis 
by it in animals, and an equal amount of clinical evidence to justify the supposition that such 
can occur in man. 

To estimate the value and importance of the second part of the report, it must be noticed 
that the action of chloroform on the heart was (by the advocates of this ancesthetic) considered 
to be the only objection to its general use. It was this supposed power of causing irremediable 
cardiac paralysis which made people afraid of it. If this property could be shown to be non- 
existent the harmlessness of the drug would be estal lished. 

This is easily understood, from the facts that artificial respiration is so readily carried 
out, and cessation of respiration remedied by artificial respiration so common, that the impres- 
sion is prevalent that it is easy to breathe for a person, but the remedying of the cessation of 
the heart-beat presents insuperable difficulties. 

It was not imagined that chloroform might possess other dangers— it is for a knowledge 
of these that wo are indebted to the Commission, vlz.y the importance of the part played by 
vaso motor paralysis in the causation of death, and the fact that the paralysis of the respiratory 
centre may be final at the moment that attention is drawn to the cessation of respiration. 

If the conclusions of the Commission are accepted in full without reserve, chloroform 
has no power of paralysing the heart ; one danger is removed, but it is replaced by one as great 
in every respect, paralysis of the vaso motor centre. This may set in very suddenly, with 
hardly any warning ; it is as far beyond treatment as cardiac paralysis, and it is as fatal. If 
the cardiac paralysis from chloroform does not exist, vaso motor paralysis must have been the 
cause of the numerous deaths recorded against chloroform ; and how sudden and irremediable 
this is the reports of fatal cases abundantly testify. • 

When death occurs from vaso motor paralysis it is clearly imaginable that the vaso 
motor centre may be hopelessly damaged or rapidly reaching that stage, while the pulse is still 
present and the heart attempting to keep up the pressure. So that for some secq^ds there may 
be a deceptive condition in which both pulse and respiration are present, yet a fatal termination 
is imminent. That this death from vaso motor paralysis does occur in*man is shown, by the 
very rapid running pulse mentioned in some cases as preceding the fatal termination. 

The extensive experiments of the Commission have left the chloroform question in the 
following condition : It was not found possible to directly paralyse or affect the heart by 
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chloroform in some 600 administrations. Death from chloroform is due apparently to^paralysis 
of the vaso motor and respiratory centres — probab^^ one or both of these may bo affected. 
When death occurs it is the result of an overdose of the drug. 

It cannot be too strongly insisted that the work of the Commission gives us no greater , 
confidence in chloroform than we had before. That it does not cause cardiac paralysis is no 
safeguard, since it produces as sudden aud equally fatal vaso motor pamlysis, and respiratory 
paralysis in addition. Its physical and chemical properties remaining the same, the danger of 
^ permitting the patient to inhafe an overdose will remain as great as over. 

In the Practical Conclusions no directions are given for its administration beyond those 
which have been in use for years, and in the presence of which so many fatalities have occurred, 
either from vaso motor, cardiac or respiratory paralysis. 

In the face of these it is hardly to be expected that the deaths from chloroform will 
much diminish. 

[The Hyderabad Commission has proved that the sole duty of the 
Chloroformist is to produce normal anaesthesia, and we agree with Mr, Alexan- 
der Wilson that this duty includes keeping “ himself in touch with the whole 
condition of the patient all through the operation”. But keeping in touch 
with the patient’s condition is a very different thing from taking the pulse as 
a guide to the effect of chloroform, for the simple reason that the pulse affords 
no indications whatever of normal anaesthesia. The pulse is dangerously affect- 
ed by abnormal chloroform administration ; and abnormal inhalation alone 
can originate the deadly symptoms of peril for which Mr. Wilson watches it.] 


ARTICLE BY Suboeon-Major E. LAWRIE. 

[Bepnnted from the “ Medical Chronicle ” of January 1891.] 

1 

In the Medical Chronicle of February, 1890, there is an ably written review of the 
Hyderabad Conunission’s report on “ Chloroform,” signed “ Alexander Wilson.” The review 
ends thus : — “ Increased kilowledge has added nothing new to the directions for its” [chloro- 
form’s] “ administration.” I hope that on reconsideration Mr. Wilson will see fit to modify 
this statement^ which is inconsistent with fact. 

.The Hyderabad -Commission was appointed to confirm or disprove Sylne’s and Simpson’s 
principles that we should be guided os to the effect of chloroform entirely by the respiration. 
The OemmissiQQ has not only proved that these principles are sound, but has also proved 
that the art of administering chloroform with safety consists in keeping the breathing 
ahsolntely regular throughout the inhalation. This proof is new, and has never been established 
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before, ,As far as I am aware there is no text-book on surgery of the p»esent day, except 
Sir Joseph Lister’s article in “ Holmes’s ^urgery,” that does not recommend that the pulse 
as well as the’ respiration should be watched for signs of the effect of chloroform, and it is new 
to prove, as the Hyderabad Commissior has proved, that to watch the pulse at all is both wrong 
and dangerous. 

Tlio photograph of two original tracings of Experiment No, 186 which accompanies this 
paper demonstrates the I'atility of attention to the pulse in chloroform administration, f or 
example, in Tracing HI., Ludwig, thougli the piilse of the dog experimented on was appq.- 
rently much better at 2 hours 55 minutes than at 2 hours 54 minutes, it was not really so. 
Dr. Gaskell has shown that when the blood-prcssure is high the pulse must necessarily bo 
better than when the blood-pressure is low. The pressure at 2 hours 54 minutes was much 
higlier than at 2 hours 55,minutes, and ilie pulse was iherelore in reality bettor in proportion, 
though it was smaller in the tracing.* On the otlujr hand, llui danger of ■waiting lor signs in 
the ])ulse of failure of the hetirt under chloroform is well shown in the Tracing IV., Ludwig, 
at the end of which the failure of the pulse at o hours lU minutes 15 seconds, was a sign of 
impending death. 

The two tracings demoiislrate all that it is possibles to know regarding the safe adminis- 
tration of chlorofoim, and are well worth careful examination. (Everything which occurred in 
the experiments was marked and recorded on the tracings as the drum in^volvod, and nothing 
except what is ■wuditen in red inkf was added al’t(ir wards.) The most nunarkabhs points they 
exhibit are (a) the uniformly gradual and regular fall of blood-pressure which occurs when 
chloroform is administered in such a way that the breathing is perfectly regular, and (h) the 
entire absence of danger if the administration is stopped when the animal or patient is “ under”. 
Formerly wo were told that chloroform lowers the blood-pressure ; that this in itself shows that 
its administration is ilangerous ; and that occasionally the fall is so unexpected and capricious 
as to produce sudden death by stoppage of the lieart. The Hyderabad (Jornmissioii has shown 
(1) that the lowering of tlie blood-pressure, which chloroform and all anuisthetics cause when 
efficiently administered, is in itself a harmless event, if the respiration alone be attended to and 
taken as a guide, and if the administration bo stopped when the ^patient is fully anaesthetised ; 
and (2) that the sudden falls of pressure which the Glasgow Committee asserted are dangerous, 
and attributed to chloroform, are due to stimulation of the vagus, and, by slowing the circula- 
tion, are a safeguard against overdosing. The Hyderabad Commission has, further proved that 
all irregularities in the fall of the blood-pressure and in the circulation under chloroform, in- 
cluding such an irregularity as dilatation of the heart, which never occurs when chloroform is 
administered properly, are due to improi^or administration, with irregular breathing and in- 
sufiicient air. 

There is no loophole of escape for the opponents of principles which Syme Ictng ago 
showed to bo essential for safety in the administration of chloroform. Tracings 3 and 4 of Ex- 
periment No. 186 of March 6th, 1890, were not produced accidentiilly, but are examples of what 


[* This Qtatoment is open to oorreotion.] 


t Black in the diagram. 
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happens in every case of chloroform inhalation without exception, whether in man or in animals, 
where the breathing is perfectly regular. Any ine who is taught to give chloroform in the 
right way can obtain the same sequence of events clinictilly, which the tracings pourtray experi- 
mentally ; and I undertake to produce them invariably in any laboratory or operating room in the 
world. My students do it hero every day, and if wo can do it anybody can do it. The irregula- 
rities ii^the tracings of the Glasgow Committee, and Professor Macwilliam’s more recent bogey 
of dilatation of the heart, are due to obstruction of the circulation in the lungs through interference 
•with, or irregularity of, the respiration. The pi*oof of this is fiirnisliod by the experimenters 
themselves. The Glasgow Committ(^c state tliat in their experiments the anresthetic was ad- 
ministered in a cloth, satmated with rhloroformy hold over the face, /.e., with insufficient air. 
In Professor Macwilliam's ex])eriments the chloroform was })uinpcd into the lungs with bellows. 
Professor Macwilliam states that only a certixin percentage of chloroform, 1 to 5 per cent., was 
allowed to get into the air, in the experiments he performed in this manner. Before we can 
accept his conclusions, however, he is bound to dcmoiisirato that air conhiining from 1 to 5 per 
cent, of chloroform, blown into the trachea with bellows, is incai)able of producing obstruction 
of the circulation or respiration in the lungs. Obstructed circulation in the lungs and a 
rapidly falling blood-pressure are more than enough to account for the dilatation of the 
whole heart, which occurred in his exi>eriments and which he wrongly attributed to the direct 
action of chloroform. It is amusing to contrast Professor Alacwilliam’s statements regarding 
the danger of dilatation from the dinict action of chloroform on the heart in the laboratory 
with Dr. James Dunlop’s clinical experience, as narrated in The Lancet of September 27th, 
1890, that in typical cases of death from the direct action of chloroform the heart is empty and 
flaccid. Perhaps Mr. Alexander Wilson will assert that Professor MacwilJiam’s statements “ are 
only a little fuller and more complete ” than Dr. Dunlop's, and that they are “ not incompa- 
tible,” which is the view he takes of Erichsen’s teaching that the pulse should always be taken 
as a guide, and Symo’s teaching that it should never bo iaken as a guide in chloroform 
administration. 


1 am satisfied to leave Iho question of chloroform administration to the judgment of 
the readers of the Medical Chronicle. I have always understood that, next to saving life, 
the prevention and relief of pain are among the most imporhmt duties of our profession. 
According to the tdhehing of the Hyderabad Commission, pain may safely be prevented and 
relieved with chloroform any intelligent and properly taught medical practitioner; and there 
can be no question that every medical man ought to bo able to give a dose of chloroform 
with as much precision and certainly as a dose of morphine, or of any other poison. The 
practical outcome of the disastrous teaching of the Glasgow Committee, backed up by Professors 
Wood and Macwilliam, is that the relief of pain by chloroform is to be handed over to special- 
ists, who alone are to administer it, though their own declarations and statistics show that they 
cannot give it with safety. Exactly in proportion as this teaching gains ground the bulk of the 
professi m suffers loss in credit and in pocket, and the advanhiges chloroform confers are most 
seriously restricted and curtailed. There is no more necessity for the anaesthetist, with his inhaler 
and other apparatus, than fdr a hypodermic morphia injectiouist, or other poisonist* If the 
4S 
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aiiflBsthetisIb is to be tolerated hereafter at all, it must be because he is a man of plaasant presence 
and cheerful countenance, who knows how to (iomtort and re-assure the patient until ohlorofonn 
oblivion is secured. 

ARTICLE REPRINTED FROM THE MEDICAL CIIBONICLE 

OF FEBRUARJ 1891. 

By JOHN A. MACWILLIAM, m.d., 

Professor of the Institutes of Medicine in the University of Aberdeen. 

In the Medical Chronicle of January, 1891, Surgeon-Major Lawrie, in an article on the 
Hyderabad Chloroform Commission, makes some comments on certain results obtained by me in 
a recent investigation on the action of chloroform and ether, published in the British Medical 
Journal^ October llih, I8tli, and 25th, 1890. In my paper I described the frequent occurrence 
of dilatation of the whole heart under the influence of anesthetic doses of chloroform. Such 
dilatation was not duo to changes in the pulmonary circuit or to a fall of arterial pressure. 

Dr, Lawrie urges that the cardiac dilatation was duo to obstruction of the circulation in 
the lungs, or to this along with a fall in the blood-pressure. He says : “ The irregularities in 
the tracings of the Glasgow C 'Ommittoo and Professor Macwilliam's more recent bogey of diktat 
tion of the heart, arc duo to olDsiniction of the circulation in the lungs through interference with 
or irregularity of the res])i ration.” And later : “ Obstructed circulation in the lungs and a 
rapidly-falling blood-pressure are more than enough to account for the dilatation of the whole 
heart, which occurred in his experiments, and which he WTongly attributed to the direct action 
of chloroform.” 

Now this hypothesis of Surgeon-Major Lawrie’s can be briefly and conclusively disposed 
of. There is an abundance of decisive evidence available. First, as regards the alleged influ- 
ence of obstruction of the circulation in the lungs in causing dilatation of the heart. In my paper 
in the British Medical Journal 1 stated the fact that such an explanation was incompetent to 
explain the cardiac condition, since the whole oryan was dilated in my experiments. Dilatation 
of the right side of the heart might conceivably (if there were no evidence to the contrary) 
be accounted for by the presence of pulmonary obstruction. But dilatation of the left side 
the left auricle) could clearly not be accounted for in the ^me way, since puhnbnaiy 
obstruction necessarily diminishes in largo measure the flow of blood into the left auricle and 
this part becomes small and collapsed. This seemed so obvious to me that 1 did not discuss the 
matter at any great length. 

1 shall now state briefly some facts in regard to Surgeon-Major Lawrie^s hypothesis of 
obstructed circulation in the lungs : — * 

(1) There is no proof whatever of the occurrence of pulmonary obstruction from the 
administration in mammals of ansssthetic doses of chloroform sufficiently diluted with air, as 
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was the case in my experimentei the amount of chloroform vajjpur in the air never exceeding 
four per cent. ^ 

(2) On the other hand, there is decisive proof tliat pulmonary obstruction was not 
present in my experiments. Obstmction the circulation would necessarily cause distension 
of the pulmonary artery as well as, and indeed earlier than, distension of the right heart. The 
pulmoiuury artery would become large and^ tense in conse(][uence of the increased peripheral 
resistance to the outflow of blood from that vessel. Then the incroasod tension would react 
upon the right heart and cause distension there also. Kui. in my experiments there was no 
distension of the ji'^dmonary artery during the administration of chloroform. The vessel did not 
become distended ; it was soft and compressible, and the tension within it. was low. It is quite 
certain then that pulmonary obstruction could not have been the cause of the dilatation even of 
the right side of the heart. 

(3) Even if pulmonary obstruction had been present — as \vas not the case— such 
obstruction could not , have produced the condition whicli I descri))ed, or anything at all 
similar t^ it. 

I have on various occasions purposely brought about a condition of pulmonary obstruc- 
tion by mechanical means with a view to studying the filatures of Ihis condition. This I did 
by injecting ihto one of the great systemic veins some particulate substanf‘(^, c.r/., lycopodium 
powder, which would cause embolism of the pulmonary vessels, and so obstruct the circulation 
in the lungs. When such a substance is injected into the vein it rapidly passes through the 
right heart into the pulmonary vessels, speedily causing more or less extfuisive and sudden 
obstruction of the pulmonary circulation, according to the amount and suddenness of the 
injection. 

The efiects resulting from the plugging of the minute ])ulmonary vessels induced in this 
way are very noteworthy, and illustrate clearly the consequences of obstruction of the circula- 
tion in the lungs. The pulmonary artery swells up and becomes largely distended, while at 
the same time the vessel feels hard and tenso to the touch ; the j)ressure within the vessel is 
greatly elevated. The right ventricle and the right auritJe then partake in the condition of dis- 
tension, being unable to discharge their contents in the normal fasliion in face of the greatly 
augmented resistance in front. The lungs become pale and aiia?mic. Meanwhile, it is important 
to observe that the left auricle becomes small and collapsed-looking, in consequonco of the 
obstacle ofiferod to the passage of the blood through the lungs. Strong respiratory efforts, with 
convulsions of the asphyxia! type (accompanied by spasmodic contraction of fho systemic 
arteries) supervene in consequence of the stoppage of the respiratory purification of the blood ; 
the medullary centres becotne violently stimulated by the venous character of the blood. 
Death speedily follows. 

It is unnecessary to enter closely into a comparison, or rather contrast, of the typical 
illustration of pulmonary obstruction here afforded, and the condition of cardiac dilatation which 
1 have described as occurring under the influence of chloroform. It is obvious that obstruction 
pf the circulation in the lungs produces changes strikingly different from those that result from 
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the aotion.of chloroform ; and that the hypothesis of pulmonary obstraction jnay at once be 
dismissed as entirely insufficient and innppli€|ible, as far as an explanation of the cardiac 
dilatation occurring under chloroform is concerned. 

Seeing that it is easy to dispose of the question of pulmonary obstruction in regard to 
the effects of chloroform upon the luiart, I shall now advert briefly to the possibility of cardiac 
dilatation being dependent on a rapidly falling blood-pressure, as alleged by Dr. Lawrie. This 
is a matter which I carefully considered in my papet, and in regard to which I was able to state 
definitely that the cardiac dilatation is not due to a fa'll of blood-pnissure. This is conclusively 
proved by the following facts : — “ (1) Dilatation of the heart does not by any means always 
run parallel to the fall of pressure which ordinarily results from the administration of chloroform. 
Sometimes there is a very marked fall of pressure, with little or no dilatation of the heart ; 
while at other times the heart begins to dilate before the pressure begins to fall. (2) Moreover, 
the heayt in some instances begins to dilale during the temporary rise of pressure which at times 
precedes the fall. (3) Further, there may he distinct dilatation of the heart without any change 
of pressure at all. (4) Lastly, it can easily bo shown that, a simple fall qf pressure, equal in 
amount to that which ordinarily occurs under chloroform, induced by means which do not 
directly affect the heart section of a vaso motor nerve, haemorrhage, does not cause 
dilatation of the organ as chloroform doos.’* 

It is clear, then, that the dilatation of the heart brought about by chloroform cannot be 
due to obstruction of the circulation in the lungs, or to a fall of systemic blood-pressure ; it 
must result from a depressing influence exerted by the anaesthetic on the organ (1) directly, or 
(2^ through the vagus nerves, 

Finally, ns this depressing influence, leading to dilatation, is readily manifested after 
section of both vagi, it is obvious that chloroform must act upon the heart directly, 

I cannot help feeling that even a comparatively slight amount of actual ohservation of 
the features and results of a simple lowering of the blood-pressure and of real pulmonary 
obstruction would have prevented Surgeon-Major Lawrie from putting forward and adhering 
to such a hypothesis as I have here discussed,— a hypothesis at once insufficient, absolutely 
untenable, and in conflict with large and somewhat elementary facts in the physiology of 
the circulation. 


ARTICLE BY Surgeon- Major EDWARD LAWRIE, 

[Reprinted from the ‘‘ Medical Chronicle of May 1891.] 

Controversies on medical topics, even where great principles are involved, are apt to 
degenerate into mere word-quibbling or wrangling. I shall endeavour in the present article 
on chloroform to conduct the discussion between the Hyderabad Commission and Professor 
Macwilliam into a channel of agreement which will interest the whole profession, by whose 
judgment the question in dispute must ultimately be decided. 
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I have stated (vide The Lancet for June 21st, 1890),^ and still state that a probable 
cause of cardiac dilatation, when chloroform is pumped into the lungs with bellows, is 
pulmonary stasis. This statement is made on the authority of the greatest physiologists in 
the world— Professors Michael Foster and Gaskell. In 1879 the Glasgow Committee attributed 
cardiac dilatation to‘ pulmonary obstructicfti ; in 1890 they ascribed it to paralysis of the 
heart ; and now Professor Macwilliam asserts that it must result from a depressing influence 
exerted*’ directly by the anaesthetic on ihck heart, pr(^siinial.)ly as a muscle. Tt is remarkable 
that while the Glasgow Committee and P^’ofessor Wood are as much opposed to Professor 
'Macwilliam as we arc, they are all three antagoiiisl i(^ to the Ilydenhad Commission, but they 
are only linked by unenlightened fear of chloroform. 

The profound and irrcconedlable difPerences of o])inion bewoon the Glasgow Committee 
in 1879 and in 1890, and between the Glasgow (yommiitee and Professor Macwilliam, are of no 
importance in this connection, as there are serious sources of error in Professor Macwilliam’s 
experiments and conclusions, which reduce all his argumonls about dilatation of the heart to 
insignificance. 

Professor Macwilliam gives four facts, which he says, proAO conclusively that cardiac 
dilatation is not due to fall of blood-press are. They nro ns follows ; — 

‘‘(1) Dilatation of the heart does not by any means always run parallel to the fall of 
pressure which ordinarily results from the administration of chloroform. Sometimes there is 
a very marked fall of pressure, wltli lit lie or no dilatation of the hcjurt ; while at others the 
heart begins to dilate Ix^fore the pressure begins to fall. (2) Mon'over, the heart in some 
instances begins to diiato <luring the temporary /v.sr of ])n»ssuro wliifdi at limes precedes the 
fall, (d) Further, there may be a distinct dilatation of the Jioart witlioiit any change of 
pressure at all. (4) Lastly, it can (visily be shown that a sini])lc fall of pressure, equal in 
amount to that which ordinarily occurs under chloroform, induced by means which do not 
directly aflbet the heart (c.y., section of a vaso motor nerve, lKuiiiorrhag(‘, &c.) does not cause 

dilatation of the organ as chlorofonn doc^s,” 

• 

These four facts, if facts they be, distinctly prove that Profijssor Macwilliam’s results 
wkh chloroform are not uniform. Sometimes one eflect is produccid, sometimes another. I 
shall demopstrate hiter that the irregularity of his results was caused by the irregularity 
of, or interference with, the respiration and the iiormal oxygenation of the blood in his 
experiments. 

From^Professor Macwilliam’s first fact it is clear tliat dilatation is not failure of the 
heart function, because it hears no relation to the blood-pressure. Fact two shows that dilata- 
tion is probably the result of the rising pressure with which it occurs, and this in its turn is 
the result of the contraction of the small arteries stopping the outflow of blood. Professor 
Macwilliam’s third fact, that “ there may be a distinct dilatation of the heart without any 
change of pressure at all ” is paradoxical. It is impossible to believe that blood-pressure can 
be maintained with a failing heart, seeing that the heart is the only source of pressure. If 



heart dilatation can really occur ^without fall of pressure, it must be a natural, condition and 
harmless. We have no right to expect the heart to do anything more than maintain pressure 
in the aorta. That is its sole function, and if jlressure be maintained the heart cannot be said 
to fail. Professor Macwilliam’s description of rhythmical dilatation is also very suspicious. If 
the dilatation were due to the chloroform action on the heart muscle it would assuredly go on 
increasing to the end. Professor Macwilliam assumes dilatation to exist because his base line rises 
whereas a rise of base line might be produced by anything that raised the heart as a *whole. 
The entire arrangement is so artificial that it is very (Jjifficult to accept any of his results, or to 
believe that he can make all his levers and tambours, six in number, work in the perfect way 
he describes, and at the same time that he can watch the condition of the pulmonary artery so 
narrowly (in the cat !) as to be able to assert that it was soft and compressible, and that the 
pressure within it was low. The fourth fact is meaningless. No one would expect the heart 
to dilate with loss of blood. In bleeding, the blood is removed from the arteries and stored 
outside the body. By chloroform poisoning blood is not lost, but is removed from the 
arteries, the pressure falling in consequence, and stored in the veins, perhaps in the heart 
itself. Granting, however, that Professor Macwilliam’s cardiac dilatation ft real, its depressing 
influence is a pure assumption and is opposed to the very facts on which he relies to prove his 
case. 

The truth is that the Glasgow Committee in 1879, and Professor Macwilliam in 1890, 
drew conclusions from an inadequate number of experiments. The Glasgow Committee made 
their obser\^ations on loss than half a d'jzen animals ; Professor Macwilliam made his on 75 cats. 
Just as the Hyderabad Commission and Professor Macwilliam have shown that the fall of 
pressure, which the Glasgow (bmmittee considered dangerous in chloroform administration, is 
harmless, and may be a safeguard, so some future observer will show that Professor Macwilliam’s 
cardiac dilatation is not only harmless but is a safeguard also. It would not be surprising if 
Professor Macwilliam ’s dilatation of the heart turns out in this way to be an important 
physiological discovery of the same kind as Dr. Bomford’s discovery of the safeguard action of 
the vagus nerve. It is likely enough that the whole vascular system is relaxed by chloroform, 
including the w'alls of the heart. Under such ciromnsfeinces the safeguard action of dilatation 
may consist in an arrangement to allow the blood naturally to collect in the heart, which is 
the best place for it, ready to be pumped into the aoi-tu at a moment’s notice, and so restore the 
pressure. Suppose the heart is completely relaxed by chloroform, as the systemic muscles are, 
it will go on again if respiration is kept up. In any case there is no dan^r clinioally from 
cardiac dilatation in chloroform inhalation. Clinical results cannot be accepted only when they 
favour the view that chloroform is dangerous. Probably as much chloroform is used in India 
as in the whole of Europe, and we have no evidence of dilatation of the heart, as a dangerous 
effect of chloroform, from one end of the year to the other. 

The Hyderabad Commission did not discover the key to the safe administration of chlo- 
roform, until they had made observations upon 565 animals and had reached their 148th mano- 
meter experiment. The tracings of this experiment are produced here, and ought to be com- 
pared with the tracings of the experiment of March 6th, 1890, which were so beautifully engraved 
in the January number of the Medical Chronicle, In experiment No. 148 chloroform was at 
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first given freely on a cap, held close over the animal’s mopth and nose. Every time Dr. 
Bmnton gave the signal to give chloroform, the yip was immediately hold over the face, and 
the animal struggled, and held its breath, and gasped. The blood-pressure fell with extreme 
rapidity and irregularity, on each of the four occasions, when chloroform was given in this way 
between 2h. 50m. t)s. and 31i. llin. Os. SVfter the fourth administration, at 3h. 11m. Os., 1 
warned the chloroformist to hold the cap some distance from the face, and allow the animal 
to breathe regularly. This was done at the next inhalation at 3h. 17m. Os., and the contrast 
with the previous administratjions was so marked, that Dr. Brunton thought the chloroformist 
was playing tricks, and said “ You are not giving the chloroform.” There was no struggling, 
holding of the breath, or irregular bre«.thing, and no irregularity either of the fall of blood- 
pressure, or of the circulation. On the contrary, the tracing was perfectly regular, and the 
observation at Fick 7 shows absolute regularity of the pulse. These observations were repeated 
during the experiment with the same result. 

From experiment 148, when the clue was obtained, until the end of the research, the 
Hyderabad Commission gradually worked out to a satisfactory conclusion the problem of the 
safe administration of chloroform. We discovered tliat it is ])ossible to give chloroform in such 
a way as to produce invariably uniform results. It was found that, in chloroform inhalation, if 
the breathing be kept perfectly regular, the fall of the blood-pressure, Ihe action of the heart, 
and the circulation will be perfectly regular also ; and under these circumstances it is impos- 
sible to overdose the animal, unless the administration is continued after full anaesthesia is 
piroduced. Any irregularity in any of these particulars in chloroform inhaltition indicates a 
corresponding irregularity of, or interference with, the res])iration and the normal oxygenation 
of the blood ; and it is difficult to imagine a greater irregularity of respiration than is involved 
in pumping chloroform into the lungs with bellows as w\as done in Professor Macwilliam’s 
experiments. We were able to demonstrate that it is in the very highest degree dangerous to 
administer chloroform to an animal while the breathing is irregular, particularly if there 
be struggling or holding of the breath. When eitlau of these untoward events occurs, the 
animal may be forced to gasp in chloroform at an abnormal rate, and irremediable overdosing 
may take place, without warning, at any moment. 

• 

The results arrived at by the Hj’-derabad (Jomiiussion correspond precisely wdth those 
obtained clinically. , I have now given chloroform for more than a year, on the lines indicated 
by the Commission, with absolute uniformity. In the hmnan subject, as in animals, so long as 
the breathing is perfectly regular and the inhalation is stopped in good time, there is no danger 
•whatever in pushing chloibform imtil full anaesthesia is produced. But it is excessively danger- 
ous to administer chloroform to a struggling patient, or il' the patient's breathing is irregular, 
or to give it^in such a way as to make him hold his breath. Hence the rule— which is now 
enforced here without exception — that, if the patient struggles or breathes irregularly, or holds 
.his breath, the chloroform cap must be entirely removed, and the patient must be made to take 

a breath of fresh air before the administration is proceeded with. 

• 

The Hydetahad Commission do not pretend to Imve done more with regard to chloro* 
form than test its suitability and safety as an anaesthetic. They have shown how it can be 
administered with uniform safety, and that ite administration is surrounded with natural safe- 
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guards ; apd their experimental data correspond with clinical experience. The immunity from 
fatalities enjoyed by S 5 "me and by hundreds of his pupils, in whose practice deaths from chloro- 
form have beet altogether exceptional, and amount to nothing like the London statistics of 1 
death in every 1,23G administrations,* cannot bo sot aside as accidental or due to chance. 
Professor Macwilliam’s present position is untenable; and his theory that dilatation of the heart 
is a danger of chlorofonn, and that therefore the pulse must be watched during its inhalation^ 
has received its death-blow from one of his own supporters. In The Lancet for December 18th, 
1890, Dr. Dudley Buxton describes a method of chloroform adiiynistration, in which feeling 
the pulse and taking it as a guide is an essential principle. This method causes, according to its 
author, general feebleness of the circulation wdlh “ distinct and unmistakable cardiac enfeeble- 
ment,” which “ is progressive, and likely, it has appeared to me in more than one case, to end 
in cardiac syncope unless prom])t and vigorous measures were used.” Dr. Buxton goes on to 
state that the anatomical counterpart of this faiiliy metlioil is to bo found in the relaxation and 
dilatation of the heart in Prolessor Macwilliam’s experiments. It is probably true that Professor 
Macwilliam’s experimenlal data correspond, as Dr. Dudley Buxton says they do, with “ the 
procession of events which one has encountered again and again in the operating theatre,” but 
there is little doubt that this agreement belw(;en the two is equally damaging to both, no less 
so to Professor Macvvilliam’s experimental methods than to Dr, Dudley Buxton’s plan of 
giving chloroform. 

The Hyderabad Commission talces its stand on the fact brought out by its own experi- 
ments, and since verified clinically, that the only way to keep tho pulso regular under chloroform 
is to keep the breathing regular. This requij'cs all tho unceasing skill, care, and attention of 
the chlorofonnist. Chloroform is administered in practice by inhalation. If the breathing 
is regular the ana?.slhetic will be inhaled in regular quantities ; regular breathing constitutes 
in reality the only reliable means of measuring tho dose ; and no capricious or irregular effects 
can be produced on the circulation or tlie pulso. If tho breathing is irregular, the chloroform 
will be inhaled in irregular quantities, which will give rise to irregularities of the circulation 
and of the pulse, and danger will alwa}'s be imminent. It is obvious that without special risk 
to the patient tho pulse cannot taken as a guide by which danger can bo averted under chlo* 
Toform. Failure of the j)ulso ijidicates heart-fail uro,t and is a sign, like pallor of the face and 
dilatation of tho pupil, that a dangerous stage has already been reached; aivl danger in cliloiro- 
form inhalation implies improper administration and overdosing, either from irregularity of 
the breathing or from the aiursthetic having been pushed too far. Those who take the pulse 
as a guide unconsciously allow “ distinct and unmistakable cardiac onfoobloment ” to occur, and 
then proceed to rescue tho patient by “ prompt and vigorous measures.” The Hyderabad Com- 
mission seeks to entirely a\ort danger in chloroform administration by keeping the breathing 
regular, which is the only possible way of protecting tho heart and circulation. In short, the 
object of the chlorofonnist intist be to give chloroform in such a way that danger can never 

• Vvh Mr. lioger William's letter in The Lancet of February 8th, 1890. 
tt There is one exception to this rule. Failure of the pulse and sudden pallor may indicate inhibition of the heart’s 
action through stimulation of the vagus. These symptoms are in themselves harmless, and are unquestionably a eafegoard; 
but ttie mere fact that the safeguard action of the vagus is brought into play is dangerous, as it shows that the amBsthetic 
^as been improperly administered with insnfiEicient air ; and it demands the immediate employment of artifloial respiration.] 


arise; and this object can be attained by any intelligent medical man who chooses to follow 
implicitly the teaching of the Hyderabad Commission, The matter can, however, very easily 
be brought to the proof. On the facts established ty the Hyderabad Commission, I challenge 
the Glasgow Committee, or Professor Wood or Professor Macwilliam, to produce either an 
irregular trace or a "dangerous dilatation of> the heart with chloroform, before stoppage of 
the respiration, in any animal whose breathing is normal and regular throughout the 
administration. 


ARTICLE BY PATRICK HEIIIR, m.d., f.r.c.s.e. 

Surgeon, Bengal Medical Service; President, Pirst Hyderabad Chloroform Commission. 

[Reprinted from the '‘^Medical Chronicle'^ of June 1891.] 

The various, ^ discrepant and irreconcilable opinions recently expressed in medical 
periodicals regarding the question as to the right method of inducing chloroform anaesthesia 
in the human being, indicate that even the highest authorities on the subject entertain almost 
opposite views. These opinions have poured in from all quartei-s during the last twelve months, 
that is, since the publication of the Report of the Second Hyderabad Chloroform Commission. 
When wo consider that it is this very difference of opinion in regard to the proper method of 
producing insensibility by inhalation of chloroform vapour (in other words, that it is the varia- 
tions in the way of administering it) that lies at the foundation of the groat disparity of 
mortality statistics from chloroform anaesthesia, wo must admit that the question itstflf is a most 
momentous one, and one that might with credit to the profession be removed from its present 
equivocal basis. 

The history of the origin of the Hyderabad Chloroform Commission is too well known 
to require any further explanation here beyond that of stating that the object in view was to 
show that the principles upon which the late Professor Syme administered chloroform were 
sound and reliable. We caiyiot be too frequently reminded as to what these principles are : 
“ Free admixture of air with the vapour of chloroform, which is ensured by using some soft, 
porous material, as p. towel or lint, presenting a largo surface; no stint in the quantity of 
chloroform given; jvatch the respiration.”* He considered that there was never any occasion 

to feel the pulse or examine the heart either before or during anaesthesia. 

• 

The main practical points brought out by the Hyderabad Chloroform Commissions, 
were: (1) thp-t primary cardiac syncope during chloroform isation does not occur, and (2) that 
the respiration is the only safe guide to the effect of chloroform. In the report of the First 
Hydembad Chloroform Commission wo made the following statement: t “ In no case did car- 
diac syncope Oc^ur. The Commission considers that it is impossible for chloroform vapour to 
kill fit dog by .acting primarily on the heart, and this holds good no matter in what doses or 

* Vide Lancet, 1856, Vol. I, p. 65. t "Vide Lanat, January 22, 1890. 
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in what planner the anresthosia is induced. Death from primary cardiac sjFncope never took 
place.” Further, “With regard to the anaesthesia produced by chloroform in dogs, once in- 
sensibility is brought about, so long as respiration is kept up, there is no fear of a cumulative 
effect, the drug is rapidly eliminated. Interference with tliis eliminative process brings about 
changes in the respiratory mechanism, which ought*^to arouse suspicion and prepare us for arti- 
ficial respiration. The keenest watchfulness of the respiration was indispensable from the begin- 
ning to the close of chloroformisation, if safety was to be guaranteed.” I am thoroughly 
convinced that the same remarks hold good wii^i regard to chloroform ansesthesia in the 
human being. 

These conclusions were arrived at from simple observation, and record of the pheno- 
mena occurring during the chloroformisation of dogs. They wi^re adequately substantiated, 
supplemented and placed on a scientific foundation by the experiments of the Second Hydera- 
bad Chloroform ( ommission, and have not, as far as 1 have been able to glean from the various 
discussions that have arisen on the question, been as yet successfully controverted. 

Before the conclusions of the Second Hyderabad Chloroform Commission were made 
known, the fact that respiration is always affected before the heart caused the most scrupulous 
attention to be paid by the adherents of Syinc's principles to the condition of the former during 
chloroform ana'sthesia, and it was found tliat if the respiration ceased, which it occasionally did, 
there was always time to restore the j)atient bj" artificial respiration. Under this old system of 
administnition, in all jirobability overdosing with the vapour not unfreqiiently took place, but 
the rapid elimination effected by the prompt artificial respiration, which was sometimes demand- 
ed, rendered the jiaficmt exeinjit from real danger. Surgeon-Major Lawrie has gone a step be- 
yond his former teaching: he now removes the amesthetic as soon as there is any impediment 
to the respinitory mechanism, beginning it again as soon as uniibrm breathing is re-established. 
He now insists oi. (1) chloroform being given in sncli a way that the respiration is regular 
throughout the administration, and (2) the anaesthetic being (mtirely removed, and the patient 
taking a breath of fresh air if any struggling, holding of the breath, or irregular respiration 
occurs. The observance of this simjJe practical rule is an absolute safeguard against overdosing 
with chloroform vapour, and with this plan of administration it is difficult to imagine a death 
from chloroform inhalation taking place otherwise than under a combination of fortuitous 
circumstances, or as a purely accidental event. Formerly the respimiion was watched for 
warnings whereby danger might be arrested, now it is attended to in such 'a way that danger 
can never arise. 

One great lesson to be learnt from the results of the Second Hyderabad Chloroform 
Commission’s experiments is that regularity of the respiration is to be maintained throughout 
the administration of chloroform, and that a continuance of the anmsthotic during any inter- 
ference with regular respiration is associated with danger. Previous to the announcement of the 
conclusions of file Second Commission, all those who give chloroform on the late Professor 
Byrne’s principles watched the respiration, knowing that when it became sliallow, embarrassed, 
or ceased, danger was to be apprehended if prompt artificial respiration was not resorted to; but 
noW| in addition to watching the respiration, it is incumbent on us to the utmost degree possible 
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to keep it regnliM*. The maintenance of this regularity of breathing is rightly insisted upon by 

Surgeon-Major Lawrie, and constitutes the key to the safe administration of the ousesthetio. 

4 

The two occasions on which I have experienced any danger in connection with chloro** 
form administration were; — 

(1) In the case of a child 2^ years of age on whom the operation of circumcision was 
being performed. In the middle of the operation he began vomiting, and during a violent in,, 
spiratory effort suddenly sutjked a piece t)f guava about the size of an almond into the larynx. 
Respiration absolutely ceased, and were it not that 1 had the good fortune to hook the piece of 
guava out with the finger (ii process which must have taken about half a minute to carry out), 
the cjise must have boon fatal if an opening were not made into the larynx. The operation was 
performed about 9 a.m., the mother having been previously told that the child was to have 
nothing but a little milk that morning before the operation, and as a matter of fact she did 
not know that the child had stolen into the garden and })artaken of guava. All through the 
period during which.the lump of guava effcciually blocked up tho rhna (/lottidis, my assistant 
informed mo tliat«the pulse beats w^oro regular.^ 

(2) The second case was one of phlegmonous erj^sipelns of the scalp, into which latter 
incisions were to be made. The man (an old clerk in the Revenue Department of His 
Highness the Nizam’s Government) was placed on the table, and my assistant was directed to 
give chloroform in tho usual way. 1 vas in rn id;o‘rir^ ncm al cut eight yards off, and told 
the assistant to send in word \\lien the patient was anaesthetised. In about four minutes’ time he 
rushed into the room and said tliiit the respiration had stop])ed, I found that it had ceased. 
The ])atient was restored by artif.cial resjliration. In this ease, likewise, the ])ulso w’as to be 
felt during the whole period of (he cessation of respiration. This accords with Professor Pyme’s 
principles, and with the experience of l>otb Hydenibad Chloroform Commissions, 

My personal experience with regard to the administration of chloroform is limited to 
about 1,‘ 00 cases, yet in these, it has been given umler almost every conceivable circuinsfiince, 
but always according to the principles laid down by Professor ISynie. In six cases I have kept 
patients continuously under chloroform for over twelve hours, in ihreo of })uerperal eclampsia, 
two of tetanus, fiml one of hydrophobia : and in one case — that of strychnine poisoning — for 
five hours. All these cases except that of hydrophobia, recovered. In my student days I was 
taught the administration of (diloroform on Syme’s principles, and I have consistently adhered 
to them during the last efcven years. 

I h^ve known Surgeon-Major Lawrie to give chloroform on these principles for 
the last fourteen years with ptrfeci safety, and his experience in this respect is probably unique. 
The late Professor Syme’s and Surgeon-JMajor Lawrie’s uninterrupted series of cases without a 
single death form a monument of evidence in favour of the princij)les upon which they have 
administered this anaesthetic. The students under Surgeon-Major Lawrie’s instructions give 

* A case precisely similai- to this one, hnt occui'ring in an ailnlt, and terminating f.itiilly, was recorded in the Madrat 
Mail in 18 h 9 , The coroner's verdict was death from ‘‘ accidental causes ”. 
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ohloroforip tom or five times dlifiilj in the Afsnl Gtmj and Residency Hospitals, and I hazard 
the statement that they do so i^th a savoirfaire that would be in no way discreditable to 
special aneesth^tists. 

To my reasoning, the whole theory of safe cjiloroformisation might he summed up in the 
aphorism — Use pure chloroform^ \mtch the respiration and keep it regular. This may appear to be 
a most dogmatic assertion, and coming from one with my meagre experience may^ tinge of 
presumption. Still, I have given chloroform for Wer eleven years ; I have seen it given by 
Surgeon-Major Lawrie for many years, and I have worked ‘with* both the Hyderabad Chloro- 
form Commissions, and may on these grounds claim to be in a position to express an opinion 
on the subject. 

In conclusion, I would state that the more widespread the knowledge of the late Profes- 
sor Syme’s principles of chloroformisation, and the more universally they are put into practice, 
the greater will become the confidence of the profession in this much maligned ana&sthetic, and 
the fewer, I believe, will be the deaths under chloroform from accidental causes.” To 
Surgeon-Major Lawrie the profession is indebted for his unswerving endeavours to restore 
chloroform to its proper position amongst anaesthetic agents. 


ARTICLE BY 8urgeon-Majok EDWARD LAWRIE, 

President of the Hyderabad Chloroform Commission. 

[Reprinted from the British Medical Journal of June IZth 1891.] 

The British Medical Journal has performed a signal service to the Hyderabad Commis- 
sion in placing before the profession Dr. Julliard’s views on chloroform and ether. Dr. Julliard 
had a death with Chloroform. Then instead of learning to give it safely he took, apparently 
with great reluctance, to ether. He has now learned to give ether safely and minimises its 
disadvantages by giving morphia. People who have been taught to give chloroform with 
safety are not likely to follow his example. Moreover the leading article in the Journal of 
April 25th, 1891, is incomplete, and ought to have included the London statistics so opportunely 
brought forward by Mr. Roger Williams in The Lancet of February the 8th, 1890. 

4 

According to Dr. Julliard’s statistics, deaths from chloroform amount to 1 in 3,258 and 
from ether to 1 in 14,987 administrations. According to Mr. KogeV Williams the statistics of 
the London hospitals show that deaths from chloroform amount to 1 in 1,236 and from ether 
to, in 2,754 administrations. On tlie other hand, the statistics of chloroform administered on 
Syme’s principles form an unbroken accord of inhalations from 1848 to 1891 without a death. The 
British Medical Journal regards Dr. Julliard’s figures as a “most valuable statistical summary,^’ 
but this summary would obviously be much more useful if it were accompanied by a descrip- 
tion of the method of administration pursued in all the cases from which it is compiled. There * 
are two dbtinct methods of chloroform administration in vogue. In one the pulse, as well as 
the respiration, is token as a guide : in the other, the pulse is never, under any circumstances, 
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taken as a guide,* and it is manifestly nnreasonable to compare tl^e risks of ether and chloroform 
without stating with regard to chloroform which of these methods is employed. The importance 
of this point lies in the fact that there is not one case of death from chloroform recorded in 
which it, is proved that the pulse was not taken as a guide ; whereas in Pyme’s practice and in 
my own, where the pulse has never been taken as a guide, no death from chloroform has ever 
occurred. If the pulse is affected under chloroform it indicates chloroform poisoning either 
direct of through abnormal respiration. AW the chloroformist has to produce is normal 
anaesthesia and of this the pulse can never ho any test whatever. It is therefore positively 
dangerous and useless to take it as a guide. The following table places the available figures 
in a most striking light : — 

^lortaVitjf Slal) sites of Ether and Chloroform, 



1 



Number of deaths 

Anresthetic employed , 

Source of Statistics. 

Period. j 

to administra- 





lions. 

Chloroform 

• 

• t • t • • 

1 

Julliard 

1 

Not stated ' 

1 to 8,258 

Ether 

« 

• • * • • • 

Julliard 

Do. 1 

1 to 14,987 

Ohoroform 

... j 

Bartholomew’s Hospital (Ro- 
ger Williams) 

10 years, 1878 to 1887.. .j 

1 to 1,23G 

Ether 

... { 

Bartholomew’s Hospital ( Ro-I 
ger Williams) ' 

[. Bo. ...! 

1 to 2,7.54 

Chlorofonn 

“■ ■ ■■ 

• t • • • • 

Syme and liawrie 

43 years 

{ No death. 

1 


If statistics are of any value, this table ought to carry conviction with it because it shows 


clearly that chloroform administered on Syme's principles is even less dangerous than ether 
administered in accordance with ihe most approved methods. But the Hyderabad Commission 
has no desire to institute further comparisons between them. All wo say is, let anybody use 
» ether who chooses, but if chloroform is to be employed, let it bo given in the right way. 
Surgery cannot yet do without chloroform, and the only way to give it with invariable safety 
is to be guided, as Syme was, not by the circulation, but entirely by the respiration. What 
Dr. Julliard says about ether T can sjiy mntatis mutandis about chloroform. During fourteen 
out of the sevent(?en months *,that have elapsed since the Ilydeiabad Commission demonstrated 
that the key to the safe administration of chloroform consists in regular breathing, 1 have given 
chhoroform several times daily. Not only have I not had any deaths, but I have met with no 
accident of^any kind. I have not once had to do artificial respiration or to pull forward the 
tongue. Neither have I had to interrupt an operation in order to ward off any accident due to 
chloroformisation. There is no element whatever either of luck or of chance about those results. 
Any surgeon can administer chloroform without risk who will take the trouble to assure himself 
that the patient’s breathing is normal and regular throughout the administration, and to stop 
the inhalation in good time, ie,y directly full anaesthesia is produced. Statistics such as those of 
Dr. Julliard and Mr. Roger Williams, which are intended to show the danger of chloroform, 
are, as my table proves, susceptible of a very different interpretation. If they help to prove 
•anything, it is that no anaesthetic is absolutely safe except chloroform administered on Syme’s 
principles, and the more proof we have of this kind the better. 


* For three months 1 was absent on leave.— Ed. L. 




LECTURE ON CHLOROFORM- 

By SuBGEON-MAJoit EDWARD LAWRIE. 


Db. Lawbib, President of the Hyderabad CWoroform Commission, delivered'a lecture on 
ChloroformintheGrantMedicalOollege, Bombay, on Monday, June 29th, 1891 before a large 
assembly of the medical profession. Surgeon-General Pinkerton, who presided, briefly introduced 
the lecturer, saying ho had much pleasure in introducing Dr. Lawrie, of the Bengal Service, to 
them. He had come there that day to tell them about his experiments at Hyderabad. It was un- 
necessary for him (the chairman) to say much, as they would have read all that had been said on 
the subject, and Dr. Lawrie, he believed, was very anxious to give those who had tolien it up a 
fair field and no favour. Thoroughly imbued with the results of his observations, he naturally 
wished to have the sympathy of all medical men, especially of all medical men dn India. 
After Dr. Lawrie had given his views, he would bo very glad if they discussed any point upon 
which they might differ, or which might not bo clearly understood. 

t 

Dr. Lawrie, who was received with applause, then proceeded with his lecture. He said : 

“ Mr. President, Ladies and Gentlemen, — Few people who have read the preliminary 
report of the Hyderabad Commission are aw\are of the real liberality and public spirit displayed 
by the Nizam’s Government in issuing the Commission. Ilis Highness’s Government paid 
Dr. Lauder Brunton a fee of £1,000. The Government also paid the whole of the expenses of 
the Commission, including a complete set of invaluable photograjihs of th(» tracings of *tlio 
experiments, and entertained the Commission royally during their stay in Hyderabad. In 
addition to this, Government defrayed the whole of the expenses connected with the report. 
Many people I have conversed with appear to think that it gave me an immense amount of 
trouble, and that I had to employ a great deal of persuasion to got the Commis.sion appointed. 
Gentlemen, I never spoke to the Nizam but once about th(‘ appointment of the Commission. 
The Nizam is one of the cleverest men in India, and directly I explained to him what was want- 
ed he understood it exactly, and after a short conversation he said he would issue orders for 
the Commission. It is needless for me to say anything further regarding .the extraordinary 
and unprecedented liberality and interest with which the Minister, Sir Asman Jah, and every 
member of His Highness’s Government, carried those orders into eflFect. 

“In 1855 Mr. Syme published a clinical lecture, in which he said i ‘the points that we 
consider of the greatest importance in the administration of chloroform are, first, a free admix- 
ture of air with the vapour of the chloroform, to ensure which a soft* porous material presenting a 
pretty large surface is employed, instead of a small piece of lint or any apparatus held to 
the nose. If this is attended to, the more rapidly the chloroform is given the betttfr till the effect 
is produced. Then, — and this is a most important point — we are guided as to the effect^ 
not by the circulation, but entirely by the re.spiration. You never see anybody here 
with his finger on the pulse while chloroform is given. So soon as the breathing be- 
comes stertorous, we cease the administration.’ The Hyderabad Commission does not pretend 
to have done more with regard to chloroform than prove that Syme’s principles are right, 
and I hope to* be able to lay the proof clearly before you this evening. Notwithstanding 
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Syme’s teaching? two distinct methods of chloroform administration are, and always have 
been, practised. In one the pulse, as well as the respiration, is taken as a guide, and deaths 
have been numerous. In the other, the pulse i^never, under any circumstances, taken as a 
guide, and in Synie’s practice and in my own, extending over a period of forty-three years, 
no deaths from chloroform have ever oec^arred. In 1879 the British Medical Association 
appointed a Committee in Glasgow to experiment with anaesthetics. They made a limited 
number bf observations on dogs and ral)bit| with self-recording apparatus, and they showed 
by tracings that chloroform Iqwcu’s the blood-pressure, and that sometimes during chloroform 
inhalation the fall is iinexj^ected and capricious. TIkj lowering of the blood-pressure the 
Glasgow Committee called the normal, but dangerous, effect of chloroform. The sudden falls 
with slowing of the heart indicjated, in their opinion, a source of extreme danger. The tracing 
and report of the experiincuts of 1h(i Glasgow Committee appeared to demonstrate (1) that 
lowering of the blood -pressure is due to vreiikeniiig of the heart’s action ; (2) that this effect 
is peculiar to chloroform anti is never observed with ether ; and [3) that death may occur 
at any time during chloroform inhalation by sudden stoppage of the heart. The terms ‘ primary 
and secondary chloroform syncoj)e ' crej)l into use and settled themselves in the nomenclature 
of medicine. The effect of the Glasgow (Committee’s n^port was enormous, far-reaching, 
and disastrous. No blame is to be attached to the Glasgow Committee, because they 
published th(‘ir tracings, and anybody is at liberty to form his own opinion about them. 
Having accepted them, we made oni^elvos just as much responsible for them as they 
were. No one st()})ped to inquires wheth(»r a general fall of blood-j)ressuro is harmless 
or dangerous, or wliethi‘r the fall of blood-pressure rt^gistcred in their experiments 
was due to direct weakening of the heart or not. Common sense w^as cast to the winds, 
and two erroneous principles becaiiKi established on a ])sendoscientific basis. (Jno is, that 
the pulse must be hilt during chloroform administration, and the other is, that ether is not 
* only a safe ana?sthetic, but is, under all (drcuui?tauc(is, a cardiac stimulant. To such an amazing 
pass have these two principles been pushed that the public liavc^ been made to believe that 
feeling the i)ulse is a safeguard in chloroform administration, and that it reejuires a 
specialist to do it. On the other hand, the blind and unfounded belief in ether as a cardiac 
stimulant has led to its employment hypodermicaUy in cases of chloroform-j)oisoning, and 
even in other-poisoning itself. The clinical experience and statistics which the Lancet call- 
ed "for after the Hyylerabad ( Vnnmission’s report was published, have only brought out the 
curious fact that all chloroform deaths iiow-a-days are j)Ossibly the result of hypodermic 
injections of ether, which is always resorted to as soon as possible after symptoms of danger 
appear. It would be just*as wrong to give subcutaneous injections of chloroform in other- 
poisoning as to give subcutaneous injections of ether in chloroform-poisoning. 

• 

“The report of the Glasgow Committee was accepted by the whole profession as practi- 
cally ftna.1. 1 remember, when it was published in 1879, I felt at first as if Syme’s position 
was no longer tenable. As time wont on, however, and it was found that chloroform could 
'still 6e given on Syme’s principles with the same safety as before, I began to realise that there 
must be some flaw in the experiments or conclusions of the Glasgow Committee. 
Accordingly in 1888 Sir Asman Jah, the Minister of Hyderabad, sanctioned the 
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appointment of a Commission with Surgeon Pi Hehir as prei^ident, to make further 
experiments with chloroform. Dr. Hehir’s Commission proved that in death from 
chloroform the breathing always stops b^ore the heart, and in his report he made 
the original observation that as long as breathing is kept free there is no danger 
of a cumulative effect, and chloroform can be givent with absolute safety. *This conclusion was 
not accepted by the profession. It led to a tardy discussion, and in 1889 His Highness the 
Nizam appointed another Commission. Through the enlightened liberality of His Highness’s 
Govermnent, the Lancet sent out Dr Lauder Brim ton to represent it on the Commission, and 
at the same time the Government of India deputed Snrgeon-Majbr Bomford. His Highness’s 
Government was represented by Surgeon P. Hehir, Dr. Rustamji, and myself. No better 
selection could possibly have been made by the Lancet than Dr. Lauder Brunton. He came 
out to India thoroughly convinced that chloroform paralyses the heart. During the whole time 
the Commission worked, he tried to stop the lu^art in every conceivable way, and failed. The 
Commission found that shock and chloroform are not associates but incoinpatibles. It is im- 
possible to produce cardiac sjmeope, or even vaso-motor depression, by any form of shock in 
any stage of chloroformisation. Wh(‘n it was found impossilde to produce any effect upon the 
heart by any form of shock under chloroform, l)r. Bomford sugg(i»ted that we should give 
chloroform and then stop the heart by electrical irritation of the vagus nerve, and see 
what happened. This was done, and what happened was this. We found that so far 
from being a danger under chloroform, stopping the heart actually proved to be a 
safeguard against poisoning, by slowing the circulation and delaying the conveyance of 
chloroformed blood to the brain and spinal cord. 

“ The next phase of the Commission’s research consisted in demonstrating that the 
so-called normal fall of the blood-pressure iiudcr chloroform, which the Glasgow Committee 
considered dangerous, and the unexpected and capricious falls which they thought excessively 
dangerous are in tlicmselves harmless. The cause of the grfidual falls I shall refer 
to at a later period* W(3 were able to prove that the sudden and ca])ricious falls are due 
to inhibition or stoppage of the heart from stimulation of the vagus nerve from abnormal 
respiration or over-dosing, and are as much a safeguard against poisoning with chloroform 
as I have just showm that the inhibition caused by electrical stimulation of tliat nerve 
is.” Dr. Lawrie here handed round and distributed among the audience several photographs 
of the tracings of the Glasgow Committee’s experiments, and of No. 148 of the Hyderabad 
Commission’s experiments, and pointed out that the tracings of the Glasgow Committee’s 
observations A & C are identical with observations 8, 9, 11, 1.5, and 16 in Fick tracings ii & iii, 
which were produced by chloroform and by ether. Dr. LawTie explained that the Glasgow 
trace could always be reproduced by (a) stimulation of the vagus and by Qi) asphyxia ; and he 
further added that it was frequently produced accidentally during the experiments of 
the Hyderabad Commission, by the animal holding its breath or struggling {vide 
experiment No. 148 and many others), or by stoppage of the respiration froni over- 
dosing with chloroform. 

“ In the third phase of the Commission’s labours, it was distinctly proved 
that uniform results can always be obtained with chloroform, provided it is sufficient- 
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ly dilnted to allow of regular normal breathing tlirougliont the whole adiniuistration. 
As long as these conditions are fulfilled, the fall of the blood-pressure is regular, 
and the heart’s action and the pulse are invcfriably regular also. Wo proved that any 
irregulari^ty^of the heart or of the pulse under chloroform is a certain sign of chloroform- 
poisoning, either from direct overdosing ^br from ov(*rdosing through abnormal or irre- 
gular reS^nration. Of normal amvsthesia with regular ])reatliing and without poisoning, wdiicli 
is, in prtictico, all the chloroformist has to produce, the pulse can never bo any t(ist wliattn(‘r. 
It is only a test of irregular l)**oalhing or of overdosing, and it is, tlierefore, no loss dangerous 
than useless to tak(j it^as a guide. 

“ Such is a very brief outliiu^ of the conclusions and r('sults arrived at by the Hyderabad 
Commission. It would be an insult to your common s('U>o to exaggerate? tlu*m, or to 
pretend that without, further ani])lifi(*ation they deliue the? whole*. ])osition witli regard to 
chloroform. Undoubt(*(lly they go a very long way towards doing so, but the* old question still 
remains unanswered. That (juesiion is, do('s chlorotbrni afleet tlu? heart din'.ctly ? This 
question is inextricably mixed up with the cause of Ihe fall of tlu? blood-pn*ssure under 
chloroform, and in order to answ<?r it the .cause of this fall must now bi? d(‘t(*i-miii(*d. If 
chloroform in any way ^^hate^(‘r dij-(?ctly w(*akens the heart, it is clear lliat its administration 
can never be free* from risk. (Clinically 1 know that it does notweak(‘ii iIk* li(*ari, because I or 
anybody else can produce* normal anrestliesia with chloroform, with r(*gular br(*athing aiul 
without overdosing, entirely without risk. Tliis fact, however, will uev(*r e()nv<‘rt the profc'^sion: 
and though 1 liav(' often been annoyed during the past eigljte(m months Ix^eause our i-esnlts 
have been so little acted upon, 1 now S(*(* that it is mireasonai)i(* to (*x|K*et tlie prof(?ssion to 
accept them until the fall of l)lood-pr(‘ssure tinder ehlorolbrm is fully and satisfactorily 
accounted for. Last year, I had the honor of an int(*rvi(*w with Pj oi'essors Miclaiel Ko.st(»r 
and Gaskell at Cambridge, and tlicy examined the traeings of the Hyderabad ( Vunniission's 
experiments, rrofessor Foster look<*d t)ver them for a long time witliout saving a woi-d. At 
last he stated his opinion that the one thing brought out by the wliok* of the tracings is that 
the blood-pressure is lowered by chloroform, as it is by all aiuesllieties, and tliat tin's 

appears to indicatie dangoi* to the heart ; but lu? added, ‘against this w(? must i(*meinl)(*r tlial 

when a poison is introduced into tlu? system, everything that l)a])])ens aJ'terwards is 
of .necessity in the nature of a safeguard.’ Apart from A’agus siimulation, th(*re are 

two possible ways^ of lowering th(3 blood-pressuil : oiu* hy w(*ak(*ning tlio lujart, and 

the “ other hy vaso-motor ililatation — dilatation ol* the small arteries. If the lowering 
of the blood-pressure uiidei* chloroform were due to direct weakening of tla* li(‘art, it is clear 
that a patient under chloroform woukl be in a gradually increasing state of syneo[)i‘ and 
that tho fall ^of blood-pressure would be in itself lu danger, ami this is ojq>osed to tin* facts 
that there is no danger in normal anaesthesia and that there is absolutely no resemblance 
between anoesthesia and syncope. But if the full is due to relaxation of the a aso-motor 
system of muscles and consequent dilatation of the small arteries, it must be absolutely 
harmtess ; and in. accordance wdtli Foster’s principle it ought to be a safeguard. If we 
carefully consider the effects of chlorofonn, we find they are as follow : As consciousness is 

abolished under chloroform, first the systemic muscles are relaxed and sent to sleep, and then 
46 
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the respu-atory muscles, and during this time the blood-pressure is falling* — ^i*egularly and 
gradually if the respiration is normal and not interfered with. The relaxation of the systemic 
and respiratory muscles is due to narcosis, oV sending to sleep, of the central nervous system, 
and not to any direct action of chloroform upon the muscles themselves. After tl;»e muscles of 
respiration arc r(*laxed and respiration ceases, the ^leart can no longer obtain nourishment. 
The animal then gradually dies, and the h(‘art stoiis beating. The next point with regard to 
this most interesting subject is that the work oi‘ tlfb heart is not kej)t going either by a cardiac 
centre in the bruin or spinal cord, or by the ganglid in its ow» substance. At first this may 
sound a little likc^ luiresy, Imt the teiKhMicy of modern physiology, anti of. modern ])hysiologists 
headed by Uaskell, is to show tliat tli(‘ heart is a self-acting muscle, and a recent discovery by 
Dr. Arthur Meigs of Pennsylvania gives ground for the belief that this conce})tion is literally 
true. The fibn^s oi'ordinaiy muscle derive their nutrition by absorption from dedicate capillary 
blood-vessels which run botwi^eii them. Dr. Meigs has denionstratx^d that the Jiinscular fibres of 
the heart have a circulation peculiarly tludr own. He 1ms shown that in the heart a capillary 
blood-vessel enters into th(j substance of the muscle fibre, and tlu^re can be no doubt that each 
fibre is nourislied, and at the same time stiinulated to action, by the blood flowing in its interior. 
The muscular fibres of vviiich the lamrtis composed arcs if this view is correct, automatic hearts 
in miniature, and th(‘ heart itself is thus a sell-acting organ stimulated to rhythmic beating 
throughout the whol(‘ of life by the v(‘ry blood which nourishes it. Dr, Meigs’s discovery 
explains and accounts for the vigour of the circulation in the heart sis well as the high state of 
its nutrition. It also shows that each successive beat of th(i heart is produced by the beat 
immediately preceding it. AVe have seen that the heart is independent of the central nervous 
system, and there is no mon* ground fo»’ supposing that chloroform acts directly upon its 
muscular tissue than that it acts tlirectly upon any other muscular tissue. It is, therefore, a 
fair inference tliat tin* heart can ncjver b(» directly affected by chloroforin. We now come to the 
last link in the chain, (hloroform narcosis affects first the brain, and then the spinal cord. • 
The vaso-motor centre i^ situated in the upper part of the spinal cord, in the medulla oblongata^ 
and it must be narcxitised like the other nerve centres. The vaso-motor muscles are thus 
relaxed, and the blood-pressure falls. As the relaxation of the vaso-motor system is not vital, 
the fall of blood-pr(*ssure is harmless.” 

Dr. Lawrie now handiMl round jdiotographs of the tracings of the Hyderabad Comfnis- 
sion’s experimemt No. 178. Ludwig II and Fick I, and of Experiment No. 186 of March 6th, 1890, 
Ludwig 1, 11, III, and IV. Referring to the LuJwig tracing 11 of experiment No. 178, he said : 

i . 

“ In this observation chloroforin admini^ti’ation was commen(!ed at 2h. 51m. 40s. The 
blood-pressure fell in tla^ usual way, and at 2h. 54m. 35s. the breathing and heart both stopped. 

A reading was taken on the Fick inanoineter, and the complete arrest of the heart’s action for 
over a minute L well shown at Fick J 3. This reading is remarkable as showing that* the 
blood-pressure had already fallen as low as it (amid get before the heart stojiped, and it did not 
fall further after this happened. The fall must, therefore, have been due to vaso-motor 
dilatation and not to weakening of the heart. I must now ask you to examine the 
tracings of Experiment No. 186 of March 6th, 1890. Ludwig I shows the harmless effect of 
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sudden lowering erf the blood-pressure at 2h. 17m. 50s. and at 2lj. 48ni. 25s. ; the animal was 
quite out of chloroform at these times, and it was not c^ven being administered. Chloroform 
administration was commenced with plenty of ••air and regular breathing at 2h. 18m. 
359. The, gradual and regular fall of blood-pressure is very well shown in this 
observation. The breathing stopped at 2h. 24ni. 5s., and electrical iri’itation of the vagus 
was begun at 2h. 24m. 15s., and continued until 2b. 25m. lOs. Th(» only a])parent oflect 
of the vagus stimulation was to slow the heai't without lowcTing the blood-pressure. Artificial 
respiration was not employed, 4 ind the aninml recovered rapidly. 

• 

“Ludwug 11.— In this observation chlorororm administration was commenced simul- 
taneously with electrical irritation of the vagus ui 2h. ^om. r)()s. The l)loo(l-])r(^ssure fell 
suddenly almost to zero. This was followed by a ]}ause and ilam two slow beats of the heart. 
The pulse trace then slowly roturiKul, and th<^ prc'ssnre gra lually ro^e to a little more than 
half its former height, and then gradually fell again as it does in normal ehlorofonii admin- 
istration. The pulse remained slow. The respirafion cea<(‘(l (mtirely at 2h. 37in. J5s. The 
vagus irritation, wdnedi was Ix^gim at 2h. Horn. 50'., was e.ontiniKvl until 2h. 30m. 5s., when it 
was sto|)ped, and normal breathing al one<‘ rceomimmced without any further st(*ps being 
taken to n^vive the* animal. In thi' olwervation the effeel of the vagus irrilalion was to 
suddenly lower the bloo 1-pn‘ssure and to slow tli(‘ ])ulse. The stoppage' of the respiration is 
to be particularly noted and k(‘pt in mhid with rr‘fereue(.‘ to the n(‘xt. o)>servation iix 
Ludwig 111. 

“In Ludwig III, ebloroform inbalai ion with normal breathing was eommenced at 2h. 53m, 
35s. The blood-pressnn* fell gralually and regularly. The hreatliing stop;)e 1 at 2h. 55in. 45s., 
but it was not recorded till 2li. 5()in. Os. in order to make sure that it bad fpiite stopped. 

• Electrical irritation of tlie vagus was coinmeneed at 2b. 50m. 10s and eontiniu'd till 2h. 57m. 
259. The blood-pr<?ssure fell suddenly and remained low, with slow action of the heart for 
ono minute and fifteen seconds. The animal re(!OV(*red sjjontaiu^ously without rirtificial re- 
spiration or any other treatment. (If Ludwig IV is now (‘xamimsl, it will be sc^eii that 
the chloroform obseivation o^‘ Ludwig IIJ was re[)eate(l. AVJien the l)r(*atliing stopped, 
the animal was hd’t entirely alone and he died.) TIh^ question tliat arises about the 
aniniars recovery in tlu^ experiment recorded in Ludwig 111 is, what was the 
recovery due to ? • It must be noted that the vagus was not dividcMl. The visible 
effect of the irritation of the entire vagus was to lower the blood-pressurc' which 
was already dangerously (?) low, and slow the pulse. It might b(' objeeh'd fhat the 
irritation of the uncut vagus stimulated tb(^ n^sjuratory centre, and so sav<‘d the animars 
life. But if this might be said about Ludwig III, it might (‘qually fairly be said about 
Ludwig II that the irritation of the vagus at 2h. 35m. 50s. saved the dog's lifij by stopping 
the fesifiration, which would bo absurd, as the irritation of the vagus cannot be a safeguard, 
or save life, by stopping the respiration in one case and exciting it in another. If lowering 
the blood-pressure were dangerous and due to weakening of the heart, it is clear that the stimu- 
lation of the vagus at 2li. 56m. 10s., when the animaVs breathing had stopped and the pressure 
was already perilously (?) low, was the very worst and most dangerous expedient we could 
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have adopted, as it at once caused a further fall of the blood-pressure, and kept it down nearly 
to zero for considerably over a minute. So far from being a dangerous procedure, however, 
it saved the dog’s life ; and this fact aloiufis sufficient to upset the hitherto accepted belief 
that general lowering of the blood-pressure is dangerous, or that it is due in chloroformisation 
to weakening of the heart. The last point to noticie with refenmce to Ludwig tracing III is, 
that it is evident that tlie pulse beats increased in force from the time (hloroform was admin- 
isienid at 2h. 53m. 35s. till the commencemcmt pf the artificial fall of the blood-p 3 K^ssure at 
2li. 56m, 10s., and that at the end oi' tliis fall at 2b. 57iih 25s. the pulse tracing was at first 
j)retty large, and thai^ as the animars prcssiin^ rose daring recovc^ry it gradually got smaller 
and smaller. If llie lowering of th(» l)loo(l-j)i*(‘ssur<i w(to du(‘ to weakening ol’ the heart, the 
reverse of ihis ought io have occurred, the j)ulse ought to have become sraallc^r and smaller 
u|) to the stop, and afterwards begun by being very small and gradually increased in size as the 
animal recovered. 


Finally, wiib r(derene(‘ to tin? fall of ihe blood-pressure in all the ti*acings exhibited this 
evening, it is io Ix^ ()lis(‘rve<l tliat tlie sudden (imexjject(Hl and eaprie.iojis) falls, whieli the 
Glasgow ( )ummittee eon''i(l(‘r(xl exc(*j)tionallv dangerous, did not aelually prove io be so in their 
exjKU-liiients (their animals did not die) ; and have been demonstrat(*d in ours to be a safeguard. 
If the audJen hills ai'(^ a safeguard, a/oiiion the (fnxduaf falls, which occur ill normal chloroform 
administration, arc a sal'egiiard also. 

Vso luiv(‘ now t]i(^ |)roc)f, wliy uoi’inal chloroform anfc^ithesia is free from danger. 
It is because chloroform ii(*vor, uudi»r any circumstances, directly aflFeefs Ihe heart, 
and that the fall of blood-pr(‘ssur(' is due to vaso-niotoi* dilatation, and, so far from being 
a risk, is in all cases, if not harmless, a, safeguard. I haN(? only one word to add in 
conclusion. If you (examine the tracings you will see what sjhmdid work was done by Dr.* 
lioinford for thi? Commission. Each tracing is a work of art ; but each one was completed hy 
Dr. Bomford, and eviTythiiig that occurred was written on it as the drum revolve<l at the 
time of tlie experiment. Nothing was added to any one of them after the experiment was over, 
so that notliing was trusted to any one’s memory. In ihe secoiuf place, Dr. Bomford discovered 
the safeguard action of the vagus nerve, and this proAX'd to be the key to the safi^ adminis- 
tration of chloroform. In eviiry thing I have written siiux^ the Commissiofi ended the physiology 
is a reproduction of Dr. Bomford’s views, generally in his own words ; and* I feel pi’oud to think 
that work so permanent and lasting as that of the Hyderabad (^hloi-oform Commission was 
carried to a successful conclusion mainly through the instrumentality of a member of that 
Service to which I and so many of my hearers haAX the honour and the happiness *to 
belong — the Indian Medical Service.” (Loud applause.) 

» 

Dr. Wellington Gray then said he had been for a long time connected with the J. J. 
Hospital, and had seen many more than 10,000 administrations of chloroform. Since the 
sitting of the Chloroform Commission he had watched the administrations of chloroform with 
increased care and interest. No doubt there was much to be discovered, and much to be 
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inquired into yet, but, from his own clinical experience, he believed the views and conclusions 
of the Hyderabad Commission were not far from the truth. * * 

• 

Dr. Arnott said he was glad to find the views of Dr. Lawrie were the same as he had 
been taught by Professor Lister twenty-fivC' years ago ; in that Sir Joseph Lister insisted that tho 
great safeguard in the giving of chloroform was the dilution of the chloroform, and that the 
giving*of the chloroform in a concentratei^form, such as a clos(?d com*, closely applied over 
the nose and mouth of the p|itient, was net a safe method of administration ; but that some 
iqethod of dilution must be adopted to the amount wliu;h Dr. Lawrie liad quoted, and which, 
he thought, was about the amount quoted by Professor Lister ‘^omc tw(‘iity-fiv(‘ y(*ars ago. Ho 
had no doubt that the administration of diluted chloroform was as sate As Dr. Law’rie 
had said. 

Dr. Hatch iK'xt explained his ex])(‘rioneos in chloroform administration. During ten 
or twelve years ho had only known of two deatlis, and one ol‘ thos(‘ he liad some doubts about 
before administering*. In tlies(‘ cas(‘s th(‘ chloroform was administered wdth tlie closed cone, 
which it was not necessary to }>laee close to tjie nos<\ 

Dr. Blaiiey said he had h(?(‘n (.k)ron(‘r oi* Bombay for fifteen years, ami every (huiththat 
had been report<Ml as haring o(^enrn‘d from chloroforjii or jrom any otlan* amestlietic, had been 
inquinid into by him, as it was his duty to do, but he said it was to the cnHlit. of the mc'dical 
profession of Bombay that they stood behind no other (^ity h{^ knew ol' in the successful 
sidmini strati on of elilorofonu. Those reports lie had reeeiv(‘d ol' chsitlis fmin elilorol'orm, he did 
not coiiskhir worth the paper they had Ix^en written on. ( ’hlorofonn, during the time he had 
been (Joroner, must have been administiuvd in Bombay many ihoiisands of times, but 
there were only two deaths during that time which rcailly resulted from chloroform or 
anaesthetics. 

Some other gentleimm reported their experiemn^s, saying th(‘y had had no deaths from 
chloroform, and expressing the opinion that there was no danger from chloroform if properly 
administered and diluted. At the same time it was necessary, some ihonghi, to watch the 
pulse as well as the respiration. 

• 

Dr. Lawrie said that before the Commission he used to w^atch the respiration for signs 
whereby danger might b*e arrested, but that since the scission of the Commission he did not 
•merely watch tho respiration, but insisted on its being kept absolutely regular throughout tho 
whole administration so as to produce normal inhalation and normal anjesthosia. 

Surgeon-General Pinkerton proposed a hearty vote of thanks to Dr. Lawrie for coming 
there and delivering that lecture ; and to H. H. the Nizam for affording the means of 
research. 

The motion was heartily responded to, and the meeting separated. 



PART IX.-OLINIOAL RESULTS. 

[By the rilESIDENT.] 

t 

• t 

The system of note-taking' in chloroform administration^ now in force in 
the Afzulgunj Hospital, has been developed very gradually since the comple- 
tion of the experiments of the Commission. In the first 272 cases in which 
an accurate record of chloroformisation was kept, the notes were taken by 
students. The average time to produce ana'sthesia in these cases, which 
include children and adults, was 3m. 448. In S2'9 per cent, abolition of the 
corneal refle.x, in 10‘8 per cent, stei'toroiis breathing, and in one .case complete 
relaxation of the museles was tlm first sign of full ariccslhasia. There was no 
instance of respiratory embarrassment or of fjccident or delay of any kind due 
to over-dosing, and the patient was never allowed to inhale the anaesthetic 
while the breathing Avas in any way irregular. 

From Cascf No. 273 the notes were taken by the surgeon. The system of 
administration and note-taking was improved by the adoption of suggestions 
made bv two of the most distinguished surgeons in Eurojx*- during the discussion 
on ana?8lhelic8 in Glasgow. Sir George Macleod stated that in all his public 
operations he administers ehlorolorm himself until lull anfcsthesia is produc- 
ed, Dr. William MacEwen said that during chloroform inhalation every one of 
the patient’s respirations should be registered on the chloroformist.’s tympanum. 
Effect was given to both these princijiles. Sir George* Maeleod’s method has 
been practically followed by the surgeon himself taking notes of every case 
of chloroform administration in the presence of the clinical (;;lass, while the 
administration has been entrusted to students as before. In this way the 
responsibility for the whole case rests with the surgeon as it always ought to 
rest, unless we are to go back to the days of barber surgery when the surgeon* 
simply did as he was told ; at the same time the students, without exception, 
have the opportunity of becoming skilful and safe chloroformists. Throughout 
the inhalation the chloroformist carries out Dr. MacEwon’s rule to the letter and 
every one present is kept informed of the rate of the patient’s respirations^ by 
an assistant who stands near the chloroformist and taps the table after every 
completed breath the patient takes. 
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The administration of chloroform in the Afzulgunj Hospital is now 
conducted in the following manner. When all is ready for the operation 
the surgeon gives the signal to begin thd inhalation. The method of adminis- 
tration* i8*descri]^ed on page 286. While it is proceeding no one is allowed to do 
anything in the operating room, not even sju'ak, and everybody’s attention 
is thus concentrated on tlie administration until tlic juitient is fully anajs- 
thetised. From the moment the inhalation is coniinenced until amesthesia is 
produced, the surgeon records every event, even of the most trivial kind, with 
the exact time of its occurrence. This is in strict conformity with Dr. Bomford’s 
plan of recording on the tracings everything, as it took place, during the 
manometer experiments of the Commission. Each entry is notitied to the 
class as the surgeon records it, and after the ojjcration is linished, and the 
patient has been removed, one of tlie students is made to describe from 
memory what happened during the inhalation. Jlis description is compared 
with the rccorcl, and linaliy, the record is read out to the class. 

In the cases detailed it will be remarki'd that the respiratory pauses, 
which are sometimes referred to as apnioa” and sometimes as “ holding 
breath,” were systematically followed by one breath ot pure air. This 
requires a word of explanation. During ehloroform administration the patient 
usually holds his breath from apiioca, or owing to over-concentration of the 
vapour, or from increasing narcosis of the respiratory centre. Holding the 
breath from apnoca, which occurs in the earl}' stag''s of the inhalation, is 
generally due to rapiil breathing, and when the patient bt'gins to breathe again he 
does so quietly and without gasping. Holding the breath from over-cuncentra- 
tion of the vapour of chloroform or I’rom sluggishness of the respiratory 
centre, though a natural safeguard, leads to asphyxia, and wJien the patient is 
compelled to breathe again he gasps. It is not always possible to determine 
the cause of holding the breath; but it is evident that as the patient can 
take in no chloroform as long as he is not breathing, it does not waste 
time to remove the chloroform cap from his face until he breathes again. 
•W^hen the patient does breathe again, however, it makes all the dilfercnce in 
the world whether the chloroform cap is over his face or not. If it is, and he 
gasps, an* over-dose may be taken in or still further irregularity of the 
respiration may be produced ; in cither case the result is abnormal inhalation. 
But if the first inspiration after balding the breath, or after any abnormality of 
. the .breathing, consists of a breath of pure air, all danger is avoided. Normal 
respiration is restored ; and normal respiration alone is compatible with normal 
inhalation and normal anaesthesia. 
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, Cases of chlorofw'm odministration at the Afaulgunj Hospital. 

August 22ndi 1891. — No. 273. 

Temperature of operating room 73'7° F». Healthy Mahomedan fnale aetat 
29. Disease — ^liydrocele. Operation — excision of sac. Chloroformed by student 
Krishtiah at 8h. 13m. 30s. Anassthesia complete at 8h. 17ni. 46s. ; opfiration 
commenced at 8h. 18ni, Os. ; iinislied and 'patient removed from table at 8h. 
44m. 308, Botched and brought up a little frothy mucus at 8h, 41m. 55s. 

Observations. 


Jl. M. 

, A. 8 13 

B. 8 1^ 

C. 8 14 

D. 8 16 

E. 8 17 

F. 8 17 

G. 8 17 

IT. 8 18 
T. 8 44 


30. — Chloroform on cap ; patient blowing hard. 

20. ^Apnoea ; cap entirely removed till 8h. 14m. 43s. ; 
one breath frcsli air. 

45. — (Ihlorofonn ; regular breathing. 

10. — Struggling ; regular breathing. Struggling con- 
tinued till 8h. 16m. 50s. when one breath of 
fresh air was given, and the struggling ceased,- 

0.— Snoring ; at 8h, 17m. 308. the snoring was accom- 
panied by noisy expiration. 

45. — Breathing stertorous ; stop chloroform. 

55. — Cornea insensitive. 

0. —Operation commenced. 

30. — Operation completed. 


In this and in all subsequent cases, unless it is expressly stated to the 
contrary, the anaesthesia was continued until the completion of the operation and 
the apmioation of the dressings, in the usual way, by giving chloroform from 
time to time. 


August 22nd, 1891. — No. 274. 

Temperature of room 76'3‘’F. Shurfon Bee (female infant), «tat 1 yeai’. 
DiseaB*— abscess. Operation — incision. Chloroformed by student ^^iss 
Williams at 9h. 3m. Os. Anaesthesia complete at 9h. 4m, 10s. Chloroform 
• stopped ..and operation finished at 9h. 7m. 15s. 





861 


Ohservatttm. 

H. M. B. 

A. 9 8 0. — Chloroform oh cap ; crying and struggling ; breath- 

. , ^ ing regular. 

B. 9 4 10. — Cornea insensitive ; kept under chloroform till the 

dressing was applied, and the child was removed 
from the table at 9h. 7m. 15s. 

. August 22nd, 1891.— No. 276. 

temperature of room 76*3® F. Male Mahomedan child, Mahomed Sahib, 
setat. 1 year. Disease — ^wound. Explored under chloroform and sutured. 

Chloroformed by student Miss Williams at 9h. 12m. 558. Under at 9h. 13m, 
40s, Administration stopped and operation finished at 9h. 18m. Ss. 


n. M. 

A. 9 12 

B. 9 13 

C. 9 13 

D. 9 13 

E. 9 13 


Obsei'vattons. 

s. 

53.— Chloroform on cap ; crying and struggling ; breath- 
ing regular. 

10. — ^Holding breath ; chloroform cap removed. 

20. — Gasped fresh air ; chloroform again. 

30. — Regular breathing. 

40.— Cornea insensitive ; kept under chloroform till 9h, 
18m. 5s. 


August 24th, 1891. — No. 276. 

Temperature of room 73*1® F. Well-nourished Hindoo male, Krishna 
Row, «tat. 44. Disease— leprosy. Operation — ^nerve splitting and cleaning. 
Chloroformed by student Krishtiah at 7h. 40m. Os. Full aneesthesia at 7h, 
45m, 10s, Chloroform* stopped at 8h. 8m. 5s. 

’ . OhaervaUons. 

H. M. B. 

A. 7 40 0. — Chloroform on cap ; blowing gently. 

B. 7 42 30.— While more chloroform was being poured into the 

cap the patient took three breathe of pure air, 

C. 7 43 30.— Noisy expiration, 

D. 7 44 15. — ^Breathing irregular ; one breath of pure air, 

E. 7 45 0. — Snoring. 

■F, 7 45 10,— Stertorous breathing ; chloroform stopped. Kept 

under till die operation was finished at 8h. 8m. 5a. 


46 
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August 24th, 1891.— No. 277. 

Temperature of room 731® F. Weakly Mahomedan male, Shaik Jamal, 
aetat. 30. Disease — abscess. Operation — ^incision. Chloroformed bj student 
Krishtiah at 8h. 13m. 50s. Full anscsthesia at 8h. 18m, dOs. " Admmistration 
stopped at 8h. 24m. 30s. 

Observatiom. 

u. M. s. , ' 

A. 8 13 15* — Chloroform on cap ; blowing very rapidly into the 

cap, 68 times a minute. 

B. 8 15 0. — Cap close to face. 

C. 8 15 10. — Breathing irregular ; one breath of fresh air. 

D. 8 16 0. — Regular breathing, 24 respirations a minute. 

E. 8 17 10. — Snoring. 

F. 8 17 30. — Two breaths of fresh air while more chloroform 

was added. 

G. 8 18 45. — ^Noisy expiration. 

H. 8 18 50.- — Cornea insensitive ; chloroform stopped. Adminis- 

tration afterwards continued till 8h. 24m. 30s. 

August 24th, 1891. — ^No. 278. 

Temperature of room 73'1® F. Healthy Hindoo male, Bamiah, setat. 20. 
Disease — needle in the buttock. Operation — excision. Chloroformed by 
student Krishtiah at 8h. 31m. 50s. Full anaesthesia at 8h. 36m. 5s. Adminis- 
tration stopped at 8h. 40m. Os. 

Ohservattons. 

n. M. s. 

A. 8 31 15. — Chloroform on cap ; blowing rapidly 52 times a' 

minute. 

B. 8 31 60. — Talking. 

0. 8 32 6. — Cap close to the face. . • 

D. 8 32 10. — Apnoea ; cap removed. 

E. 8 32 20. — One breath of fresh air. Cap re-applied. Regular 

breathing 24 times a minute. 
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M. S. 

• • 

F. 8 33 10. — More chloroform on cap ; took two breaths of 
fresh air, ' 

8 • 34 0. — Moving legs and arms. 

H. 8 34 1 5. — ^Holding breath and struggling ; cap removed. 

I. 8 34 45. — Gasped fresh air ; cap re-applied ; regular breath- 

* ing. ‘ 

J. 8 '34 50. — Talking. 

K. 8 35 10. — Noisy exphatioii. 

1j. 8 36 5. — Cornea insensitive ; chloroform stopped. Admin- 

istration afterwards continued till 8h. 40m. Os, 

, August 24th, 1891. — No. 279. 

Temperature of room 73*1” F. Healthy Hindoo male, Kissensingh, mtat. 40. 
Disease — ^necrosis of the lower jaw. Operation — removal of dead bone. Chloro- 
formed by student Krishtiah at 8h. 52m. Os. Full anajsthesia at 8h. 59m. 55s. ; 
the administration was slow on account of bleeding into the mouth. (A probe 
had been introduced into the sinus before the operation was decided on.) 

Ohservations. 

II. M. s. 

A. 8 52 0. — Chloroform on cap ; blowing regularly. 

B. 8 53 5. — Cap brought close to face. 

C. 8 54 30. — More chloroform ; two breaths of fresh air. 

D/ 8 55 40. — ^Noisy expiration. 

E. 8 56 20.— Coughing violently ; one breath of fresh air. 

F. 8 57 20.— More chloroform on cap ; two breaths of fresh 

air. 

G. 8 59* 65.— Cornea insensitive ; administration continued till 

9h. 4m. 55s. 

August 24th, 1891. — No. 280. 

Temperature of room 86'5® F. Healthy Hindoo female, Lutchoo, setat. 40. 
Disease— Ovarian cysts, Operation— niouble ovariotomy. Chloroformed at the 
Residency Hospital at Ih. Om. Os. by student Miss Williams. Full anaes- 
thesia at Ih. 4m. 30s. Continued until the operation was finished at Ih. 59m. Os. 
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Observations, 

H. 8. 

0 0. — ^Chloroform on cap ; blowing regularly S6 times a 

• minute. 

0 40.— Cap close to face. 

0 65. — Noisy expiratidn ; 32 respirations a minute. 

1 25. — Took three breaths of pure air while chloroform 
was added to the cap. 

2 0. — Holding breath ; cap entirely removed. 

2 16, — Gasped pure air ; chloroform again. 

2 40. — Holding breath, cap entirely removed. 

2 55. — Gasped pure air ; chloroform again. 

3 40. — Talking ; regular breathing. 

3 60.— Regular breathing 24 times a minute. 

4 80.— Cornea insensitive ; stop chloroform. Continued 
afterwards until the operation was finished at 
Ih. 59m. Os. 

August 25th, 1891. — No. 281. 

Temperature of room 74‘2® F. Healthy European boy, F. C. Harding, Sdtat. 
13. Disease— abscess of the neck. Operation — ^incision. Chloroformed by 
student Abdullah Khan at 7h. 55m. 10s. Ansssthesia complete at 7h. 59m, 55s. ; 
administration stopped at 8h. 10m. dOs. 

Observations. 

H. M. s. 

A. 7 56 10,— Chloroform on cap ; blowing gently ajid crying. 

B. 7 56 20. — Cap brought close to the face. 

C. 7 66 45.— Calling out. 

D. 7 57 45. — ^Took two breaths of fresh air while more chloro'- 

form was added to the cap. 

£, 7 58 0, — Regular breathing. 

F. 7 59 85r^noring. 

G, 7 59 65,— Oomea insensitive ; anesethesia afterwisds kept up 

till 6h. 10m. 80s. 


B. 

A. 1 

B. 1 

C. 1 

D. 1 

E. l 

F. 1 

G. 1 

H. 1 

I. 1 

J. 1 

K. 1 
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August 25tli, 1091.— No. 282. ^ 

Temperatuire of room 74*2*’ F. Wealthy Mahomedaa, Mahomed Buz,, 
ffitat. 56. Disease — stricture of the urethra and perineal abscess. Operation — 
incision, and dilatation of the stricture with Holt’s dilator. Chloroformed at 
8h. 12m. 40s. by student Krishtiah. Full aneesthesia 8h. 16m, 458. Anaesthesia 

continued till the operation was finished at 8h, 37m. 6e, 

. 

Observations. 

u. M. s. 

A. 8 12 45. — Chloroform on cap ; blowing rapidly, 

B. 8 13 0. — Coughing. 

C. 8 14 10. — Holding breath ; cap removed till 8h. 14m. 228. 

D. 8 14 20. — Gasped fresh air ; chloroform again ; regular 

breathing. 

E. 8 14 40. — Struggling till 8h. 15m. 15s. ; regular breathing. 

F. 8 15 15. — Irregular breathing. 

G. 8 15 20, — One breath of fresh air ; regular breathing, 

H. 8 16 30.— Stertorous breathing ; chloroform stopped. 

I. 8 16 45. — Cornea insensitive ; kept under afterwards until the 

operation was finished at 8h. 37m. 5s. 

August 25th, 1891.*^No. 283. 

Temperature of room 78*4“ F. Healthy Native Christian, Francis, setat. 51. 
Disease— stricture of the urethra and extravasation of urine. Operation'*^eri- 
nsal section and incisiorfS. Chloroformed by student Krishtiah at 8h. 54m. SOs. 
Full anaesthesia at 8h. 59m. 15s. ; administration stopped at 9h. 8m. 408. 

• Observations. 

H. M. .s. 

A. 8 54 30.— Chloroform on cap ; blowing gently. 

B. 8 55 15.— Cap brought close to the face. 

C. 8 55 30.— Moaning. 

D. 8 55 45.-<-*Slight struggling j regular breathing. 

£. 8 56 10.— Moving hands and arms. 

F. 8 56 30.-»Breathing irregular \ one breath of fresh air. 
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H. M. S. , 

, G. 8 56 SO.-^Breathing irregular again ; one breatH of fresb air. 

H. . 8 57 30.— More cblor/)form poured into cap ; took two breaths 
of fresh air. 

I. 8 58 30. — Talking. * 

J. 8 59 0. — Rapid regular breathing. 

K. 8 59 50.— Cornea insensiti'ue ; administration afterwards con- 

tinued till 9h. 3m. 40s. 

August 25th, 1891. — No. 284. 

Temperature of room 78*4° F. Weakly ill-nourished child, setat. 1 year, 
Mahomed Saheb. Disease — abscess. Operation — ^incision. Chloroformed by 
student Ismail Khan at 9h. 54m. Os. Anaesthesia complete at 9h. 55m. 45s. 
Administration stopped at lOh. Im. 30s. ' 

Observatiom. 

M. M s. 

A. 9 54 0. — Chloroform on cap ; regular breathing. 

B. 9 54 30. — Two breaths of fresh air given without any parti- 

cular reason, 

C. 9 55 0. — Regular breathing, 32 a minute. 

D. 9 55 45. — Cornea insensitive ; cap removed. Administration 

continued tiU lOh. Im. 30s. 

August 26th, 1891. — No. 285. 

Temperature of room 74’7'’ F. Healthy Hindoo female, Rungoo, aetat. 30. 
Disease — whitlow. Operation — ^incision and removal* of necrosed phalanx. 
Chloroformed by student Miss Williams at 8h. 20m. Os. Full anaesthesia at 
8h. 24m. 15s. Administration ended at 8h. 26m. 55s. The breathing became 
stertorous fifteen seconds after the chloroform was stopped when the cornea 
became insensitive* 

Observations,. 

b. M. 8. 

A. 8 20 0. — ^Resisting and breathing irregularly ; struggled 

violently and cried till 8h. 20m. 508. 

B. 8 21 10.— Gasping noisy inspirations. 

C. 8 21 15.— One breath of pure air. 
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« H. M. 

D, 8 21 20. — Regular breatJiing. 

E. 8 22 30. — Moaning. * 

• K. 8 23 0. — Talking incoherently. 

G. 8 24 15, — Cornea insensitive ; chloroform stopped. 

‘ H. 8 24 25. — Snoring. • 

I, 8 24 30.— Stertorous Tjreathing ; the anaesthesia was maintained 
. until the operation was finished at 8h. 26m. 55s. 


This case is an example of residual chloroform in the lungs deepening 
the anaesthesia after removal of the ehloroform from the face and discontinuance 
of the inhalation. What happens in these cases is shown in many of the 
experiments of the Commission, and is especially well marked in No. 64 on the 
Ludwig tracings, jhst after Fick readings 11 and 17. (Vide Experiment No. 64, 
page 53.) 

August 26th, 1891. — No. 286. 


Temperature of room 74‘7® F. Sickly Mahomedan male, Umar Khan, aetat. 
33, Disease — sinus. Operation — ^incision. Chloroformed at the Afzulgunj Hos- 
pital by student Krishtiah at 8h. 30m, 458. Anaesthesia complete at 8h. 36m. 
30s. Continued till 8h. 41m. 558. 


Observations. 



H. 

M. 

A. 

8 

30 

B. 

■ 

8 

32 

C. 

8 

32 

• 

b. 

8 

• 

33 

E. 

8 

33 

• 



F. 

8 

34 

G. 

8 

35 

H. 

8 

36 


8 . 

45. — Chloroform on cap ; gently blowing, 24 times a 
minute. 

15.*— Cap close to the face ; struggled. Regular breathing. 

50.—- Breathing irregular ; one breath of fresh air ; 
regular breathing. 

15. — Moving left arm. 

60. — While more chloroform was being added, took 
two -breaths of pure air, • 

30. — Regular breathing, 24 times per minute. 

20. — Moaning ; noisy expiration. While more chloroform 
was being added took two breaths of pure air. 

30. — Cornea insensitive; snoring ; cap removed; adminis- 
tration continued afterwards until 8h. 41m. Ss. 
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Ixirthis case after the patient had been removed one of the ftiost intellig^t 
students was made to describe from memory what had happened during the 
administration. He could only recall very imperfectly and inaccurately what 
he had seen a few minutes before, For example, he was under the*inlpression 
that full anaesthesia had been produced in four minutes instead of siz. The 
experiment was repeated in every case .subsequently, with the result that, 
though the by-standers were always warned to pay .particular attention with 
a view to giving evidence afterwards, in no single instance could the witness 
give anything like an accurate description of what occurred during the admi- 
nistration of the anaesthetic. The fact that it is extraordinarily difficult to 
remember jweoisely what takes place when every thing is normal during an 
adnunistaration, shows how entirely unreliable and worthless statements made 
Irom memory by “ the competent witnesses who have recorded human deaths 
nnder ances&esia”'* must be, when they are obscured by thU shock of a patient 
dying, and by the excitement of frantic efforts to restore animation. 


August 26th, 1891. — ^No. 287. 

Temperature of room 77*7® F. Sickly Hindoo male, Gowkari, aetat. 22. 
Disease— abscess. Operation— incision. Chloroformed at the Afzulgunj Hos- 
pital by student Hrishtiah at 8h. 58m. 10s. Full ansesthesia at 9h. 5m. 55s. 
Continued until 9h. 8m. 35s. 


H. M. 

A. 8 58 

B. 8 59 

C. 9 0 

D. 9 0 

E. 9 1 

F. 9 1 

G. 9 2 

H. 9 3 

I. 9 3 

J. 9 8 


Observatums. 

s. 

10. — Chloroform on cap : blowing gently, 32 times a 
minute. 

20. — Cap brought close to face, 

10.— Holding breath ; cap entirely removed. 

80.— Gasped pure air ; cap re-applied. 

0. — ^Regular breathing, 24 a minute. ' 

20. — ^While more chloroform was being poured on cap 
took two breaths of fresh air. 

45. — ^Regular breathing, 24 a minute. 

20. — ^While more chloroform was being added, took three 
breathe of fresh air. 

25. — ^Noisy expiration. 

45. — Raising arms. 


* Vide PxofeBBor Wood's Address on Anesthesia— page 268 , 
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H. M. 

K. 9 4 

L. 9 5 

M. 9 • 5 

N. 9 5 


SO. — ^Irregulai’ breathing ; one breath of fresh air. 

0. — Struggling. Regular breathing. 

15. — ^Talking incoherently. 

55. — Cornea insensitive ; chloroform stopped ; continued 
aftervnards till 9h. 35m. Os. 


August 27th 1891. — No. 288. 

Temperature of room 74‘5° F. Delicate Mahomedan female, Hoossain 
Bee, ffitat. ,30. Disease — abscess. Operation — ^incision. Chloroformed at the 
Afzulgunj Hospital by student Krishtiah at 8h. 25m. Os. Full ansesthesia at 
8h. 34m. 30s. Continued until 8h. 38m. 50s. 


Observations. 



11. 

M. 

A. 

8 

25 

B. 

8 

26 

C. 

8 

27 

D. 

8 

28 

K. 

8 

28 

F. 

8 

31 

G. 

8 

31 

H. 

• 8 

31 

I. 

8* 

33 

J. 

• 

8 

34 


s. 

0. — Chlorolrom on cap ; breathing regularly. 32 times 
a minute. 

0. — Cap brought close to face. 

0. — One breath of fresh air. 

10. — Wliile more chloroform was being added, took two 
breaths of pure air. '' 

30. — Breathing regular, 32 a minute. 

10. — Holding breath ; cap entirely removed. 

20.— Gasped fresh air ; regular breathing. 

^0. — Snoring ; while more chloroform was being added 
took one breath of fresh air, 

35 -Noisy expiration. 

30. — Cornea insensitive ; stopped chloroform ; continued 

afterwards until the operation was finished at 

8h. 38m. 50s. 

* 

August 27th, 1891. — ^No. 289. 


‘Temperature of room 74'5° F. Healthy Hindoo boy, Jutta Shunker, rotat. 
14. Disease— cleft ear. Operation — aplastic operation. Chloroformed at the 
Afzulgunj Hospital by student Krishtiah at 8h. 50m. 30s. Anmsthesia 
complete at 8h. 57m. 15s. ; continued until 9h. Im. 30s. 

47 
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Observations. 


• H. M. 8. 

A. 8 60 30. — Chloroform on eay ; regular breathing, 34 in, a minute. 

B. 1 51 30. — Cap brought close to face ; regular breathing, 24 in 

a minute. , • 

C. 8 62 40. — While more chlordform was •being added, took two 

breaths of pure air. 

D. 8 63 6. — Moved left leg. 

E. 8 54 0.— While more chloroform was being ijoured on cap, 

took three breaths of pure air. 

F. 8 64 10. — Retching. 

Gr. 8 54 45.~Vomiting food ; cap removed. 

H. 8 55 25.— -Chloroformed again. 

I. 8 55 35. — Struggling ; one breath of pm’e air. 

il. 8 56 0. — Regular respirations, 28 in a minute, 

K. 8 57 15. — Cornea insensitive ; stopped chloroform ; continued 
afterwai’ds until <he operation was finished at 
9h. Irn. 30s. 

August 27th, 1891. — No. 290. 

Temperature of room 78 ’3° F. Weakly Hindoo male, Nanuklan, aetat. 30. 
Disease — cystitis. Operation — catheterism. Chloroformed by student Krishtiah 
at 9h. 14m. 50s. Full anfesthesia at 9h. 18m. 15s. The breathing became 
stertorous 45 seconds after the chloroform cap had been removed, and the 
inhalation had been discontinued on account of the cornea being insensitive. 
Vomited a small quantity of mucus and bile at 9h. 24m, Os. Before the 
administration was commenced the patient was in gi’eat terror of having' a 
catheter passed and resisted violently before chloroform was given. 

Observations. 


H. M. S. 

A. 9 14 50. — Chloroform on cap ; blowing noisily through , the, 

closed lips. 

B. 9 16 0.— Noisy expiration. 
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• <■ 

H. M. B. 

C. 9 16 15.— Cap close to face. 

D. 9 17 0. — Holding breath. * Cap removed. 

B. 9 17 10.— One breath of fresh air. Chloroform again. 

F. 9 17 30. — Noisy expiration. 

G. 9 18 15. — Cornea insensitive ; chloroform stopped. 

H. 9 19 0. — l^reathing stertorous. No chloroform was administered 

. after 9h. 18m. 15s. 

This is another example of anaesthesia deepening after stoppage of the 
administration owing to the absorption of residual chloroform in the lungs, 
( Vide Experiment No. 64, page 53). 

August 27th, 1891. — No. 291. 

• 

Temperatufe of room 78 3° F. Weakly Mahomedan male, Syed Jalaluddin, 
fctat. 28. Disease — abscess. Operation — ^incision. Chloroformed by student 
Mahomed Abdul Ganni at lOh. Im. 40s. Full aneesthesia at lOh. 7m. 50s. 
Administration stopped lOh. 12m. 15s. 

Observations. 


II. M. s. 

A. 10 1 50. — Chloroform on cap ; regular breathing, 36 a minute. 

B. 10 2 45. — Cap close to the face, slight struggle, not breathing 

regularly. 

C. 10 4 0. — Regular breathing, 24 per minute. 

D. 10 5 25,— vNoisy expfration. 

E. 10 5 30. — Took two breaths of fresh air, while more chloroform 

* was poured on to Iho cap. 

10 5 45.— Noisy expiration. 

G. 10 5 55.* — Snoring. 

H. 10 6 0. — Cap removed, chloroformist unnecessarily alarmed 

about the breathing which was quite regular. 

I. 10 6 15. — Administration continued ; regular breathing. 

J. 10 7 25. — Snoring. 

K. 10 9 30. — Cornea insensitive ; administration afterwards con- 

tinued till lOh. 12m. 158. 
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August 28th, 1891.— No, 292. 

Temperatare of room 74*2** F. l^ealthy fererish Hindoo, Bamtah, eetat. 
30. Disease— suppurating hydrocele. Operation— incision. Chloroformed at the 
Afzulgunj Hospital by student Krishtiah at 8h. 33m. 50s. Ansesthesift cbmplete 
at 8h. 39m. 30 b. ; continued until 8h. 43m. 50s. 

OhHrbntihm. 

H. M. S. 

A. 8 33 50, — Chloroform on cap ; rapid blowing, 44 a minute* 

B. 8 34 50,— Cap brought close to the face. 

* C. 8 35 0. — ^Apnoea ; cap entirely removed. 

D. 8 35 20. — One breath of fresh air ; regular breathing. Chloro- 

form again. 

E. 8 36 40. — While more chloroform was being added took throe 

breaths of fresh air. 

F. 8 37 20. — ^Regular rapid breathing, 40 a minute. 

G. 8 37 40. — Struggling ; regular breathing. 

H. 8 37 60. — ^Oue breath of fresh air ; stoi)ped struggling. 

I. 8 38 30, — ^AVhile more chloroform was added took five breaths of 

fresh air. 

.1, 8 39 0. — ^Noisy expiration and struggling. 

K. 8 39 20. — Stertorous brojithiug. Chloroform stopped. Continued 
afterwards till 8h. 43ra, 50 b. Vomited bile. Tem- 
peratxu’c 102® F. in Ihe mouth l)efore the operation. 

August 28th, 1891. — No. 293.' 

Temperature of room 74‘2° F. Very weak and emaeiated Mahomedan 
male, Mahomed Bekan Khan, ®etat. 76. Disease — senile gahgreen of the foot. 
Operation — partial amputation. Chloroformed at the Afzulgunj ' Hospital 
by student Krishtiah at 9h. Om. Os. Anaesthesia eomplete at 9h. 4m. 30s. ; con^ 
tinned until 9h. 8m. 30s. 

OhservaU’om. ' 

H. M, s. 

A. 9 0 0. — Chloroform on cap. 

B. 9 0 40. — Rapid respirations, 40 a minute. . , 

C. 9 1 6. — While more chloroform was being poured into the 

cap took 2 breaths of pure air. 
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• H. M. 8. 

D. 9 1 35.— Struggling. One breath of fresh air. 

E. 9 2 35. — Talking. 

F. 9 3 5. — ^While liore chloroform was being poured on to the 

cap, took two breaths of fresh air. 

G. 9 4 30. — Stertorous breathing. Chloroform was afterwards 

• * 

continued until the operation was completed at 
9h. 8m. 30s. 

August 28th, 1891. — ^No. 294. 

Temperature of room 78'7°F. Weakly Hindoo male, Avayah, mtat. 30. 
Disease— abscess.* Operation — ^incision. Chloroformed at the Afzulgunj Hos- 
pital by student Krishtiah at 9h. 18m. Os. Ansesthesia complete at 9h. 25m. 20 sm 
and continued until 9h. 29m. 15s. 

Observations. 

H. M. s. 

A. 9 18 0. — Chloroform on cap ; respirations 28 per minute. 

B. 9 19 10. — Cap brought close to the face, 

C. 9 19 2.5. — Regular breathing, 36 per minute. 

]), 9 19 3,5, — While more chloroform was being poured into tlie 

cap, two breaths of pure air were taken. 

E. *9 20 35^. — Regular breathing, 17 per minute. 

F. 9 21 10, — Raising his legs. One breath of fresh air. 

G. 9 * 21 40. — While more chloroform was being poured into the 

cap,. two breaths of pure air were taken. 

H. 9 22 *20. — Struggling ; regular breathing. 

I. 9 23 25. — While more chloroform was being poured into the 

cap, three breaths of pure air were taken, 

J. 9 24 0. — Moaning. 

K. 9 25 0. — Snoring. 

L. ' 9 25 20. — Cornea insensitive. Stopped chloroform. The adminis- 

tration was afterwards continued until 9h. 29m. 15s. 
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August 28th, 1891. — I^o. 295. 


Temperature of room 78*7° F. Yaung healthy Mahomedan male, Hussain 
Khan, setat. 30. Disease — abscess. Operation — ^incision. Chloroforme4 at the 
Afzulgunj Hospital by Lady Superintendent Miss E. A. Lawrie* at 9h. 44m. Os. 
Anaesthesia complete at 9h. 47m. 55 b. Continued until 9h. 50m. 30 b, 

Ohservatmfu. 


H. M. .s. 

A. 9 44 O. — Chloroform on cap ; blowing quickly, 30 times a minute. 

, B. 9 46 0. — ^While more cliloroform was being poured into the cap, 
took three breaths of pure air. 

C. 9 46 45. — Regular' breathing, 24 a minute. 

D. 9 47 5. — Snoring. 

E. 9 47 30. — Deep snoring. 

F. 9 47 50.^ — Btertor ; stopped chloroform. 

G. 9 48 0. — Cornea insensitive. Administration was kept up until 

■ 9h. 50m. 30s. 

August 29th, 1891. — No. 296. 

Temperature of room 74*2° F. Strumous Mahomedan child, Morad Sahib, 
aetat. 4. Disease — sinus. Operation — incision. Chloroformed at the Afzulgunj 
Hospital at 8h. 29m. Os. by Miss E. A. Lawrie. Full anaesthesia at 8h. 31m. 30s.; 
continued until 8h, 37m. 5s. 


Observatiom, 


H. M. s. 


A. 

B. 


C. 

D. 

E. 


8 29 0. — Chloroform on cap ; crying but breathing regularly. 

8 29 55. — Cap close to face ; regular respirations, 24 a minute. - 
8 30 45. — Coughing. 

8 31 10. — Noisy expiration. 

8 31 30, — Cornea insensitive and breathing stertorous simulta- 
neoasly. Stop chloroform ; afterwards adminis- 
tration kept up till 8h. 37m. 5 b. 
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August 29th, 1891.~No. 297. 

Temperatul'e of room 74*7° F. Sickly Mahomedan male, Peer Mahomed, 
aetat. ^0.^ Chloroformed at the Afjpulgunj Hospital at 8h, 41m. 20s. by Miss 

E. A. Lawrie. Full ansesthesia at 8R. 45m. 25s. Continued until 8h. 46m. 30s. 

Oh^evmtiowt. 

n, M. s. 

A. 8 4*1 20. — Chloroform on cap ; blowing regularly. 

B. 8 42 0. — Regular breathing ; twenty-eight times in a minute. 

C. 8 42 40. — Holding breath ; cap entirely removed. 

D. 8 42 50. — Gasped fresh air ; cap brought close again. 

E. 8 43 0. — Irregular breathing. 

F. 8*43 30. — While more chloroform was being poured into the cap, 

took three breatlis of pure air. 

G. 8 43 50. — Irregular breathing ; one breath of pure air. 

H. 8 44 30. — Regular breathing ; 26 respirations in a minute. 

I. 8 44 50. — Straggling ; one breath of pure air, 

J. 8 45 5. — ^Noisy expiration, 

K. 8 45 25. — Stertorous breathing ; stopped chloroform. 

L. 8 45 28.— Cornea insensitive. Administration continued after- 

wards until 8h. 46m. 30s. 

August 29th, 1891. — No. 298. 

Temperature of room 74*7° F. Delicate Hindoo child, Nagamah, aetat. 6. 
Disease — ^abscess.^ Operation — incision. Chloroformed at Afzulgunj Hospital 
at 8h. 52m. 10s, by Miss E. A. Jjawric, Full aiifcsthesia at 8h. 53m. 5s. Con- 
tinued until 8h. 59m. 30s. 

* 

Obsermtiom. 


H. M. s. 

A. 8 52 10. — Chloroform on cap ; breathing regular, 

B. 8 52 45. — Cap close ; regular respirations, 28 in a minute. 

C. 8 53 5. — Cornea insensitive. Chloroform stopped, and afterwards 

continued until 8h. 59m. 30s. 
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^gnat S9th, 1891.— No. 299. 

Temperature of room 74*7® F. UrJiealthy Hindoo male, Jumnadaa, aetat. 30. 
Disease— abacesB. Operation — ^incision. • Chloroformed at the ^A^lgunj 
Hospital by Surgeon-Major Lawrie at 9h. 33m. 5 b. AnaeBthesia complete at 9h. 
35m. 45b., and continued until 9h, 37m. 30s. 

OhservaU'om. 


II. M. 

A. 9 33 5. — Chloroform on cap ; regular respirations, 36 a minute. 

B. 9 33 15. — Cap brought close to face. Regular breathing. 

0. 9 33 30. — ^Noisy expiration. 

D. 9 34 5. — ^Talking. 

E. 9 34 25. — While more chloroform was being poured on to the cap 

two breaths of pure air were taken. 

F. 9 35 5. — ^Violent struggling regular breathing. 

G. 9 35 30. — ^Noisy expiration. 

H. 9 35 45. — Cornea insensitive. Stopped ehloroform. Chloroform 

afterwards administered until 9h. 37m. 30s. 

• 

Chloroform was administered in Case No. 299 by the surgeon. The 
students were becoming timid, in consequence, it was supposed, of the 
weekly reports of deaths under anaesthetics in tho English medical journals ; 
and were taking from six to eight minutes to produce anaesthesia instead of 
from three to five. In Case No. 299, full anaesthesia was produced, with regular 
breathing throughout the administration, in two minutes and forty seconds. 
Dr. Lawrie afterwards said, “ I never wish you to give chloroform against 
time, but, provided the respiration is normal, there is nothing to be gained by 
slow anaesthesia. If the breathing is regular you need not be anxious abqut 
the patient, as no danger can arise before anaesthesia is complete, whether the 
chloroform is administered slowly or quickly. Until the stage of complete 
narcosis is reached therefore your anxiety should be to thd patient breathe 
regularly while he inhales the anaesthetic, and you should not allow him tp 
inhale any chloroform when the breathing is irregular. Beyond this you need 
have no anxieties whatever.” 
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August 29th, 1891. — ^No. 800. 

Temperature of room 80‘5° F. Sickly Hindoo female, mtat. 3’2. Disease— 
abscess. Operation — ^incision. Chloroformed at the Afzulgunj Hospital by 
student Miss Williams at 9h. 47m. 30s. Anaesthesia complete at 9h. 52m. 15 b. 
Contii^ed until the operation was finished at 9h. 54m. 15s. 

• Observations. 

H. M. s. ^ 

A. 9 47 30, — Chloroform on cap ; respirations regular, 17 per minute. 

B. 9 48 25. — Regular breathing, 24 in a minute. 

C. 9 49 50. — Moving hands. 

D. 9 50 10.— Talking. 

E. 9. 50 15. — ^Irregular breathing ; one breath of pure air. 

F. ' 9 50 50. — While more chloroform was being poured on to the cap, 

took two breaths of pure air. 

G. 9 52 15. — Cornea insensitive. Cap was afterwards re-applied 

until 9h. 54m. 15s. when the operation was finished. 

August 29th, 1891. — No. 301. 

Temperature of room 80’5° F. Weakly Hindoo male, Parwaty Ram, setat. 30. 
Disease — abscess. Operation — incision. Chloroformed at the Afzulgunj 
Hiepital by student Krishtiah at lOh. 4m. ■ 50 b. Anaesthesia complete at 
lOh. 8m. 50s. Continued until llh. 20m. Os. 

• Observations. 

m 

H. M. S. 

A. 10 * 4 50,— -Chloroform on cap. 

•1B. 10 5 15.— V ery rapid respirations, 52 a minute. 

C. 10 5 36 . — ^Noisy expiration. 

D. 10 6 50. — Breathing regular, 24 in a minute. 

E. 10 7 30. — Struggling ; one breath of pure air. 

F. 10 8 30. — ^Talking. 

G. 10 8 50.— Cornea insensitive. Chloroform stopped. Continued 

afterwards until the operation was finished at 
lOh. 20m. Os. 
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August 31st, 1891.— -No. 302. 

Temperature of room 75‘8°F. >Healthy Mahomedan male, Mahomed 
Karimoolla, setat. 22. Disease — ^Fibroiil tumour of scrotum. Operation^xcieion. 
Chloroformed at the Afzulgunj Hospital* by Shivram Balkristna (his first 
administration) at 7h. 51m. 45s. Full anassthesia at 7h. 57m. 53s ; continued 
until 8h. 8m. 45s. ' 

ObservaUons. 


H. M. s. 

A. 7 51 45. — Chloroform on cap ; blowing hard, 40 times a minute. 

' B. 7 52 10. — Cap brought close to face. 

C. 7 52 20. — Apnoea ; cap entirely removed. 

D. 7 52 35. — One breath of pure air. Cap re-applied. 

E. 7 52 55. — ^Regular respirations, 20 a minute, 

F. 7 53 25. — While more chloroform was being poured on to the 

cap, took three breaths of pure air. 

G. 7 53 55. — Regular respirations, 24 a minute. 

H. 7 55 0. — ^Moaning. 

I. 7 55 55. — While more chloroform was being poured on to the cap, . 

took four breaths of pure air. 

J. 7 56 30. — Snoring. 

K. 7 57 60. — While more chloroform was b§ing poured on to the cap, 

took two breaths of pure air. 

The cap was not re-applied till later as, while thee chloroform was being 
renewed, and before any more was inhaled, the cornea became insensitiye 
and the breathing stertorous. 

August 31st, 1891. — ^No. 303. 

Temperature of room 75*8° F. Thin Mahomedan male child, Fakeer 
Mahomed, setat. 5. Disease— stone in the bladder. Operation — ^lateral lithotomy. 
Chloroformed at the Afzulgunj Hospital at 8h. 31m. 15s., by student Shivram 
Balknstna. Full anaesthesia at 8h. 33m. 45s. Continued until 8h. 44m. SOs. 
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Ohsereattons. 


H. M. 

A. 8 31 

B. 8 31 

C. 8 31 
I). 8 32 

E. 8 33 

F. 8 33 


8 . 

s. 

15. — CMoroform on ’cap ; regular crying respirations, 36 a 
minute.' 

50. — Still crying ; breatliing irregular. One breath of pure 
air. 

55. — Cap brought close to face ; respirations 32, regular. 

.’iO. — AVhile more chloroform was being poured on to tlio cap, 
took five breaths of pure air. 

0. — Regular breathing. 

45. — Cornea insensitive ; stop chloroform. The administra- 
tion was afterwards continued until the dressing 
was completed at 8h. 44m. 30s. 


August 31st, 1891. — No. 304. 


Temperature of room 75*8° F. Plmaciated M ahomedan male, Peer Mahomed, 
jotat. 46. Disease — stricture of the urethra. Operation — Holt’s dilatation of 
the stricture. Chloroformed at the Afzulgunj Hospital .at 8h. 50m. 45s. by 
student Sliivram Balkrislna. Full ana*sthosia at 8h. 54m. 30s., continued 
tiU 8h. 55m. 30 b. 


Ohservatiom. 

IT. M. s. 

A. 8 50 45. — Chloroform on cap ; rai)id blowing, 44 times a minute. 

B. 8 51 10. — Cap brought close to face. 

C. 8 52 15. — Regular respirations, 20 a minute. 

I 

1). 8 53 5. — ‘Moving arms and logs. 

E. 8 53 25. — While more chloroform was being poured on to the 
, cap, took three breaths of pure air. 

•F. 8 53 55. — Irregular breathing ; one breath of pure air. 

G. 8 54 20.^ — Noisy expiration. 

H. 8 54 30. — Cornea insensitive. Stopped chloroform. 

August 31st, 1891, — No. 305. 

Temperature of room 81‘7° F. Sickly Hindoo male, aetat. 48. Disease — 
abscess. Operation — incision. Chloroformed at the Afzulgunj Hospital at 
9h. 4m. 10s. byMiss E. A. Lawrie. Full amesthesia at 9h. 7m. 30s. Continued 
until 9h. 10m. 30s. 
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Ohservaidom. 

. H. M. s. 

A. 9 4 10. — Chloroform* on cap ; breathing regular, 32 times a 

minute. • 

B. 9 4 55. — Cap brought close to face. 

C. 9 4 55. — Struggling; one breath of pure air. 

D. 9 5 50.— Do. *do. do. 

K. 9 6 10. — Regular respirations, 20 in a minute. 

F. 9 6 45. — Wliile more chloroform was added to the cap, 
took four breaths of pure air. 

' G. 9 7 0. — ^Regular respirations, 24 a minute. 

H. 9 7 20. — ^Noisy expiration and moaning. 

I. 9 7 30. — Cornea insensitive ; chloroform stopped, and after- 

wards continued until the dressings were applied. 

August 31st, 1891. — ^No. 306. 

Temperature of room 81*7® F. Sickly Mahomedan male, Mahomed Ismael, 
a'tat. 51. Disease — cellulitis. Operation — incisions. Chloroformed at tl^e 
Afzulgunj Hospital at 9h. 17m. -SOs. by Miss E. A. Lawrie. Full amosthesia 
at 9h. 23m. Os ; continued till 9h. 27m. SOs. 

Ohservations. 


H. M. 

A. 9 17 

B. 9 19 

C. 9 20 
I). 9 20 

E. 9, 21 

F. 9 21 

G. 9 21 

H. 9 22 
T. 9 22 
J. 9 23 


8 . 

30. — Chloroform on cap ; rapid regular brcatliing, 40 
in a minute. 

50. — ^Regular breathing, 20 in a minute. 

5. — Coughing. 

40. — While more chloroform wa^ being added to the cap, 
took four breaths of pure air. 

10. — ^Noisy expiration. 

25. — Violent struggling. Regular breathing. 

« 

45. — One breath of pure air, 

15. — Struggling ; regular breathing. 

45. — Snoring. 

0. — Qornea insensitive. Stopped chloroform. Continued 
afterwards until 9h. 27m. 30s. 
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September, let. 1891 — ^No. 307. 

• 

Temperature of room 76'5° F. Sickly Hindoo male, Boocbaya, tetat. 32. 
Disease — granular lids. Operation-division of the tarsal cartilages. Chloro- 
formed at the 'Afzulgunj HnspitaA at 7h. 53m, 60s. by Miss E. A. Lawrio. 
Full, anaesthesia at 7h. 59m. 25s., kept up until 8h. Im. 58. without more 
chloroform. • 

• bhservatiom. 

H.. M. s. 

A. 7 53 50. — Chloroform on cap ; blowing vigorously, 28 times a 

minute. 

B. 7 54 30. — Apncea ; cap entirely removed. 

C. 7 54 45. — One breath of pure air ; cap re -applied. 

D. 7 *55 0. — ^Regular slow respirations, 16 a minute. 

E. 7 57 15. — Took two breaths of pure air while more chloroform 

was being poured into the cap. 

F. 7 57 45. — Holding breath ; cap entirely removed. 

G. 7 58 0. — Gasped pure air ; breathing regular. Cap re- 

applied. 

H. 7 58 55. — Noisy expiration. 

I. 7 59 25. — Cornea insensitive. Stopped chloroform. 

September 1st, 1891. — No, 308, 

Temperature of room 76’6° F. Strong Hindoo male, Ramanna, aetat. 25. 
Disease — suppurating bubo. Operation — excision of inguinal glands. Chloro- 
formed at the Afzulgunj Hospital at 8h. 17m. 40s. by student Shivram 
Balkristna. Full anassthesia at 8h. 23m. 20s. Anaestliesia maintained until 
8h. 26m. 15s. • 

• Olservations. 



11, 

M. 

• s. 

A. 

» 

8 

17 

40. — Chloroform on cap ; blowing very rapidly, 52 times 
a minute. 

B. 

8 

18 

15. — Blowing 68 times a minute. 

C. 

8 

18 

40. — Apnoea ; cap entirely removed, i 

D. 

8 

18 

50 One breath of pure air, followed H t regular breath- 


ing, 20 times a minute. Cap re-applied. 
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H. M. 

E. 8 19 

F. 8 20 

G. 8 21 

H. 8 21 

I. 8 22 

J. 8 23 


s. . 

30. — Apnoea ; cap entirely removed until 81i. 20m. 20b. 
(50 seconds.) 

20. — One breath of pure air ; cap re>appliod. 

0. — Noisy expiration. 

25. — ^Two breaths of pure air while adding more 
chloroform. 

40. — ^Noisy expiration. 

20. — Cornea insensitive. Anaesthesia maintained by giv- 
ing more chloroform from time to time until 
8b. 26m. 15s. 


September 1st, 1891. — No. 309. 

r 

Temperature of room 76'6° F. Old worn-out feverish Mahomedan male, 
Dawod Khan, aetat. 81. Disease — cat-bite. Temperature in mouth 102‘7° F. 
Operation — excision. Chloroformed at the Afzulgunj Hospital at 8h. 32m. 20b, 
by Miss Lawrie. Fully anaesthetised at 8h. 36m. 40s. 


Observations. 


H. M. 

A. 8 32 

B. 8 33 

• 

C. 8 33 

D. 8 33 
£. 8 34 

F. 8 34 

G. 8 34 

H. 8 *35 

I. 8 36 

J. 8 36 

K. 8 37 


s. 

20. — Chloroform on cap ; rapid blowing, 52 times a minute 

5. — Cap brought close to face ; regular breathing, 32 
a minute. 

20. — ^Apncca ; cap entirely removed. 

30. — One breath of pure air ; cap re-applied. 

0. — Struggling ; breathing regular. 

40. — Holding breath ; cap entirely removed. 

55. — Gasped pure air ; regular breathing. Cap re-applied. 

15. — Struggling ; regular breathing. 

0. — ^Noisy expiration ; 36 respirations a minute. 

40. — Cornea insensitive ; stopped chloroform. 

5. — Stertorous breathing ; no more chloroform had been , 
administered from 8h. 36m. 40s. ( Vide remarks 
after Case No. 278.) 
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September 1st, 1891. — ^No. 310. 

Temperature of room 76*6® F. Wean out old Mabomedan Kurreemudin, 
aetat. 71. Disease— senile hypertrophy of prostate. Operation — ^perineal 
section, tlhlordformed at the Afziflgunj Hospital at 8h. 48m. 50s. by Shivram 
Balkristna. Full anaesthesia at 8h. 51m. 45s. Continued until 8h. 56m. 50s. 


Observations. 



H. 

M. 

A. 

8 

48 

B. 

8 

49 

C. 

a 

49 

D.- 

8 

50 

E. 

8 

50 

F. 

8 

50 

6. 

8 

51 

H. 

8 

51 


8 . 

50. — Chloroform on cap ; blowing gently 38 times a 
minute. 

30.— 'Cap brought close to the face ; regular breathing 36 
per minute. 

50. — Coughing. 

10. — ^Regular respirations ; 28 a minute. 

25. — Talking. 

35. — Struggling ; regular breathing. 

10. — Noisy expiration ; 32 respirations a minute. 

45. — Cornea insensitive ; stopped chloroform. Continued 
afterwards until the operation was finished at 
8h. 56m. 50s. 


September Ist, 1891. — No. 311. 


Temperature of room 83’5° F. Sickly Mahomedan male, Sayyed Mohidin, 
aetat. 45. Disease— fistula in ano. Operation — incision. Chloroformed at the 
Afzulgunj Hospital at 9h. 52m. 50s. by student Shivram Balkristna. Full 
anaesthesia at 9h: 56m. 45s. Continued until lOh. Im. 5s. 


Observations. 


H. M. s. 

A. 9 52 50.— Chloroform on cap ; blowing very rapidly, 60 times 

a minute. 

B. 9 53 20. — Apnoea ; cap entirely removed. 

C. 9. 53 35.— Took one breath of pure air ; cap re-applied. 

D. 9 63 45. — ^Regular respirations, 24 a minute. 
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H. 

M. 

E. 

■9 

54 

F. 

9 

54 

G. 

9 

55 

H. 

9 

55 

I. 

9 

55 

J. 

9 

56 

K. 

9 

56 

L. 

9 

56 


20. — While more chloroform was added to cap, took 
three breaths of pure air, 

40. — Coughing ; one breath of pure ah, 

10.— Do. do. do. 

1* 

30, —Noisy expiration. * 

50. — Holding breath ; cap entirely removed. 

15. — Gasped in pure air; cap re-applied ; regular breathing. 

25. — Moaning. 

45. — Stertorous breathing ; cornea at same time insen- 
sitive. Stopped chloroform ; *afterwards con- 
tinued until lOh. Im. 5s. 


September 2nd, 1891. — No. 312. 


Temperature of room 72*9° F. Delicate Hindoo child, Baloo, aetat. 4. Disease 
— ^phymosis. Operation — circumcision. Chloroformed at the Afzulgunj Ho8<* 
pital at 7h, 22in. 35s. by student Miss Williams. Full anaesthesia at 7h. 24m. Os., 
administration ended at 7h. 28m. 30s. 


Observations. 


U. M. .S. 

A. 7 22 35. — Chloroform on cap ; crying. 

• ^ 

B. 7 23 25. — Regular respirations, 24 a minute. 

C. 7 24 0. — Cornea insensitive ; stopped chloroform ; anaesthesia 

afterwards kept up in the usual *way i|ntil tjie 
operation was finished at 7h..28m. 30s. 

September 2nd, 1891. — No. 813, 

Temperature ofroom73’0“ F. Healthy young Mahomedan female, Abbass 
Bee, aetat. 20. Disease — cystic tumour. Operation— excision. Chloroformed 
at the Afzulgunj Hospital at 8h, Om. 458. by Miss E A, Lawrie. Full anaes-* 
thesia at 8h. 6m. 208. Anaesthesia maintained until the operation was finished 
' at 8h. 15nv. SOs. 
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II. M. 

A. 8 0 

• 

B. 8* 1 

C. 8 I 

D. 8 2 

E. 8 3 

• 

F. 8 4 

G. 8 4 

IT. 8.5 

r. 8 5 

J.‘ 8 6 


Ohservatiom. 

s. 

45. — Chloroform mi cap ; regular gentle 'blowing, 24 
times a minute. 

30.— (>ap close to face. 

40. — Talking ; breathing regular. 

4ii . — ^Bogular respirations, 20 a minute. 

10. — ^I’oolc three breaths of pure air while more chloro- 
form was being added to the cap. 

0. — ^Regular res]>iratiou8, 20 a minute. 

55. — Snoring ; took two breaths of pure air while more' 
chloroform was being added to the caj). 

10, — ^Moaning. 

45. — Snoring, 

20. — Cornea insensitive ; stopped chloroform. Anaesthesia 
was sultseciuently kept up in the tisual way until 
8li. 15m. 30s. 

September 2nd, 1891. — ^No. 314. 


Temperature of room 77‘1° F. Sickly old Hindoo, Syanna, aetat. 75, 
Disease — panophthalmi^. Opc'ration — exension of the eye-ball. Clxloroformed 
at the Afzulgunj Hospital at 8h. 44n). 5s. by Miss E. A. Lavvric. Full 
anfcsthesia at 8h. 48m. 50s. Continued until 8h, 55m. 15s. 


4 » 


II, M. 

A. *8 44 

B. 8 44 

C. 8, 45 

D. 8 48 

E. 8 47 

F. 8 47 

G. 8 48 

H. 8 48 
I. 8 48 


OJ)i>ervattons, 

s. 

5. — Chloroform on caj) ; blowing 32 times a minute. 

35. — Cap close to lace ; regular breathing. 

55. — ^More chloroform ; three breaths of pure air. 

45.— Moving arms. 

15. — ^Moro chloroform ; two breaths of pure air. 

20. — Struggling ; regular breathing. 

5. — ^Noisy expiration. 

30. — Snoring. 

50. — Cornea insensitive ; stopped chloroform ; anaesthesia 
afterwards kept up in the usual way until the 
operation was finished at 8h. 55m. 15s. 
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September 2nd, 1891.— No.’315. 

• 

Temperature of room 7 7 ’8° F. Strong healthy male, Kishen Singh, aetat. 28. 
Disease — necrosis of lower jaw. Operation — removal of dead bone. Chloroform- 
ed at the Afzulganj Hospital at 9h. 3m. 40s Full anaesthesia at 9h.l0ih. lOs. 

Observations. 

c 

H. M. S. 

A. 9 3 40. — Chloroform on cap ;^rapid blowing, 64 a minute. 

B. 9 4 25.-- 43ap brought close to face ; respirations regular, 28 a 

minute. 

C. 9 5 30. — ^Regular breathing, 24 a minute. 

' D. 9 6 0. — Took three breaths of pure air while more chloroform 

was poured into the cap. 

E. 9 6 45. — Coughing. 

F. 9 7 15. — ^Moaning. 

G. 9 10 10. — Cornea insensitive ; stopped chloroform. 

September 3rd, 1891. — No. 316. 

Temperature of room 73'G°F. Healthy Mahomed an male, Syed Abdul 
Wahab, setat. 32. Disease — stricture of the urethra and retention of urine. 
Operation — catheterisra. Chloroformed at the Afzulgunj Hospital at 7h. 36ra. . 
40s. by Shivram Balkristna, F ull aiuesthesia at 8h. Om. 20s. ; continued until 
8h. 2m. 30s. 

Observations. 

H. M. s. 

A. 7 56 40. — Chloroform on cap ; blowing rapidly 40 times a minute. 

t 

B. 7 57 0. — Cap close to face ; regular breathing 32 a minute. 

c • 

0. 7 57 40, — ^Holding breath ; stopped chloroform ; cap entirely 
removed. 

D. 7 57 58. — ^Gasped pure air ; chloroform again. 

E. 7 58 15. — Regular respirations, 20 a minute. 

F. 7 58 40. — ^Took two breaths of pure air while chloroform wafc 

being poured into cap. 
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H. M. 8. . 

G. 7 58 56.— Irregular breaching ; one breath of pure air. 

H. 7 69 15. — Regular breathing, slow and moaning, 16 a minute. 

I. 7 6$ 40.—Prolonged moaning expiration8. 

J. 8 0 20.— Cornea insensitive ; chloroform stopped. Immediately 

afterwards the chest was heaving, but no air was 
entering. The jaw was pushed forward, and the 
breathing became at once normal. 

September 3rd, 1891. — ^No. 317. 

Temperaturp of room 74*5° F. Sickly Mahomedan male, Nanna Sahib, aftat. 
64. Disease-^suppurating hydrocele. Tcnijicrature in rectum 103’4° F. before 
the operation. Operation — excision of jiart of sac. Chloroformed at the 
Afzulgunj Hospital at 8h. 44m. 3()s. by Shivram Balkristna. Full anajsthesia 
at 8h. 48m. 30s.; continued until 8h. 51m. 15s. 

Olsci’vations. 


H. M. S. 

A. 8 44 30. — Chloroform on cap ; rapid noisy blowing, 56 times a 

minute. 

B. 8 45 20.— Cap close to face. 

C. 8 45 40. — Apnoca ; cap removed. 

D. *8 45 55.— ^Ono breath of pure air. Chloroform again. 

E. 8 46 15. — Regular respirations, 20 a minute. 

F. 8, 46 50. — ^Took three breaths of pure air while more chloroform 

was added to the cap. 

G. 8 47 20. — ^Moving arms and legs ; talking incoherently. 

H. 8 47 45. — Struggling ; one breath of pure air. 

I. 8 48 20. — Spluttering and snoring. 

J. 8 48 30. — Cornea insensitive ; stopped chloroform, 

K. 8 48 60. — Stertorous breathing ; jaw pushed forward ; normal 

respiration. 

L. 8 51 15. — Opemtion finished. 
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September 3rd, 1891. — ^No. 318. 

* 

Temperature of room 74*5° F. Very sickly Hindoo male, Kristna^tBt(it. 25. ■ 
Disease — spreading gangrene. Operation — exploration. Chloroformed at the 
Afzulgunj Hospital at 9h. 24m. 50s. by Shivram Balkristna„ Full ansesthesia 
at 9h. 30m. 5 b. ‘ . 

Observations. 

H. M. S. 

A. 9 24 50. — Chloroform on cap ; blowing 40 times a minute. 

B. 9 25 20. — Cap close to face ; coughing. 

C. 9 26 10. — Took one breath of pure air while more chloroform 

was added to the cap. * 

c 

D. 9 26 45. — Struggling ; ono breath of pure air. 

E. 9 27 10. — ^Regular respirations, 28 a minute. 

F. 9 28 55. — Took three breaths of pure air while more chloroform 

was poured into the cap. ‘ 

G. 9 29 10. — Snoring. 

H. 9 30 6. — Cornea insensitive ; stopped chloroform. 

September 3rd, 1891.— No. 319. 

Temperature of room 74-5° F. Old decrepit Maliomedan, Sayyad Ashraf, 
aetat. 82. Disease — senile hypertrophy of the prostdte. Operation — ^perineal 
section. Chloroformed at the Kesidency Hospital at llh. 30m. 15p. by student 
Ismail Khan. Full anajstliesia at llh. 33m. 50s. ; continued until the operation 
was finished at llh. 37m. 15s. 


Obsei'vations. 


u. H. s. 

A. 11 30 15. — Chloroform on cap ; blowing gently 36 times » 

minute. * 

B. 11 30 45. — Cap close to face. 

C. 11 31 5. — ^Regular breathing, 28 times a minute. 

D. 11 31 30.— Do. do. 20 do. do. 

E. 11 31 50. — Took two breaths of pure air while more chloroform 

was added to the cap. 



389 


* • H. M.* 8. 

F. 11 32 45. — Holding breath ; cap entirely removed. 

G. 11 33 15. — Gasped pure Kir ; chloroform again. 

' ^I. 11 33 40. — ^Irregula* breathing ; one breath of pure air. 

I. 11 33 50. — Snoring ; cornea insensitive ; stopped chloroform. 

Contirwied afterwards till the operation«vas finished 
• at Ifh. 37ra, 15s. 

' September 4th, 1891. — ^No. 320. 

Temperature of room 72‘9° F. Weakly emaciated Hindoo male, Lutchannab, 
?tat. 31. Disease — sliver abscess. Opc^ration — aspiration. Chloroformed at 
he Afzulgunj Hospital at 7h. 5in. 25s, by Shivram Balkristna. Full anajsthesia 

,t 7h. 9m. 30s. ; continued until 7b. 12m. 30s. 

« 

• Observations. 

* II. M. s. 

A. 7 5 25. — Chloroform on cap ; blowing rapidly, 50 times a 

minute. 

L. 7 6 15. — Cap close to face ; regular respirations, 44 a minute. 

C. 7 7 45. — ^Regular rosjurations, 20 a minute. 

D. 7 8 25. — Took three breaths oi’ pure air while more chloroform 

was added to the cap. 

E. 7 9 15. — ^Noisy expiration. 

F. 7 9 30. — Cornea insensitive ; stopped chloroform ; continued 

afterwards until 7h. 12m. 30s. 

, Septcndjcr 4th, 1891. — No. 321. 

Temperatifre of room 72‘9” F. AVeakly Hindoo male infant, Gunguloo, 
etat. two months. Disease — abscess. Operation — incision. Chloroformed at tb(! 
\fzulgunj Hospital at 8h. 34m. 45s. by Miss Williams. Full ansesthesia at 
3h. 36m. 5s. Goirtinucd until 8h. 39m. 30s. 

Observations. 

II. M. s. 

A. 8 34 45. — Chloroform on cap ; crying and coughing. 

B. 8 35 15. — ^Regular respirations, 48 a minute. 

C. 8 36 25. — Cornea insensitive ; stopped chloroform. Continued 

afterwards until 8h. 39m. 30 b. 
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September S th, 1891. — ^No. 322. 

( 

Temperature of room, 74’5® F. Sickly Hindoo male, Sayboo, mtat. 25. 
Disease — ^bubo. Operai ion— excision of the inguinal glands. Chloroformed at 
the Afzulgunj Hospital at 8h. 32m. 10s. by Shivram Balkristna. Full anses*- 
thesia at 8h. 36m. 35 b. Continued until 8h. 42m. SOs. 

• OhservatioM. 

H. M. 8. 

A. 8 32 10. — Chloroform on cap; blowing gently, 44 times a minute. 

B. 8 32 60. — Cap close to face ; regular respirations, 20 a minute. 

C. 8 33 20. — ^Irregular breathing, one breath of pure air. 

D. 8 33 30. — Regular respirations, 24 a minute. 

E. 8 34 30. — ^Took two breaths of pure air while more chloroform 

was added to the cap. 

F. 8 35 0. — Struggling, one breath of pure air. 

G. 8 35 1.5. — Tl ‘gular breathing, 28 times a minute. 

IT. 8 35 55. — Snoring. 

I. 8 3G 20. — S])luttcring. 

J. 8 30 35. — Cornea insensitive and breathing stertorous simul- 

taiK'onsiy ; stopped clilorolbrin ; anaesthesia after- 
wards kept up till 8h. 42m SOs. 

September 5 th, 1891. — ^No. 323. 

Temperature of room 74‘.5'’ F. Weak Hindoo child, Nursoo, mtat. 2. 
Disease — abscess. Ojieralion — incision. Chloroformed at the Afzulgunj 
Hospital at 8h. 45m. 55 b. by Miss Williams. Full anaesthesia at 8h. 47m. 508. 
Continued until 8h. 51m. SOs. 

Ohservatiom. 

n. M. 8. 

A. 8 45 55. — Chloroform on cap ; crying. 

B. 8 46 30. — Cap close ; regular respirations, 27 a minute. 

C. 8 47 40. — Took four breaths of pure air while more chloro- 

form was added. 

D. 8 47 60.— Cornea insensitive ; stopped chloroform ; con- 

tinued afterwards until the dressings were* 
applied at 8h. him. SOs. 



September 6th, 1891.-- No. 3^4. 

Temperature of room 77*4® F. Very.old Hindoo female, Knndee, setat. 84. 

Injury^ompound fracture of the right leg. Operation — amputation below 

the knee. Chlofoformod at the Afzulgunj Hospital at 9h. 45m. 55s. by Miss 

E. A. Lawrie. Full anaesthesia at 9h. 48m. 10s. Continued until the operation 

was fiftished at lOh.' 25m. Os. * 

* 

. Observations. 

n. M. s. 

A. 9 45 55. — Chloroform on cap; breathing regularly and talking. 

B. 9 46 5. — Struggling ; regular breathing. 

C. , 9 46 25. — ^Cap close to face ; regular respirations, 20 a minute. 

D. 9 47 0, — ^Trregnlixr respiration and struggling ; one breatli of 

puro air ; regular breathing. 

E. 9 47 15. — Took throe breaths of pure air while chloroform 

was being iioured on to cap. 

F. 9 47 30. — Spitting. 

G. 9 47 35. — ^Regular breathing, 24 a minute. 

H. 9 48 5. — Cornea insensitive ; stopped chloroform. Anaes- 

thesia afterwards maintained in the usual way 
• till the ojK'ration was finished and the dressings 
applied at lOh. 25m. Os. 

September 7tli, 1891. — No. 325. 

, Temperature of room 74'9® F. Strong, muscular Mahomedan male, 
excessively excited and nervous, Rusool Malioiued, mlat. 28. Disease 
epithelioma of skin of back. Operation — excision. Chloroformed at the Afzul- 
gunj tiospital at 8h. 52m. 35s. by Shivram Balkristna. Full ana^stliesia at 8h. 
iluk Os. Continued until tbo operation was Snished at 9h. 15in. 30 b. Vomited 
a anrift H quantity of bile at 9h. 16m. 10s. 
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Observations. 



,H. 

M. 

B. 

A. 

8 

62 

35. — ChloroformJbn cap ; blowing 42 a minute. 

B. 

8 

53 

10. — Cap close to facet . 

C. 

8 

53 

50. — Struggle ; one breath of pure air. 

D. 

8 

54 

• 

40. — Violent struggling ; one breath of pure air. 

E. 

8 

54 

56. — Screaming ; breathing regular. 

F. 

8 

55 

6. — One breath of pure air. 

G. 

8 

56 

0. — Took two breaths of pure air while more chloroform 
was added to the cap. 

H. 

8 

56 

45. — Snoring loudly. 

I. 

8 

67 

0.— “Cornea insensitive ; stopped nhlorqform. 

J. 

8 

67 

35.— Breathing stertorous ; jaw pushed foi'ward, breath- 
ing regular at once. 


This case is another example of anasstliesia deepening after discontinuance 
of the inhalation of chloroform. TJi is appears to occur in patients who ^ are 
excited and in whom it is diliicult to make the respiration quite regular.* 
It is in patients of this kind that over-dosing is so liable to take place ; and 
the explanation of what happens is t(» bo found in Experiment No. 64. 


September 7th, 1891. — ^No. 326. 

Temperature of room 77’7“ F. Weak sickly anocmic Hindoo male. Bala 
Prasad, aitat. 28, Disease — strangulated inguinal hernia. Operation — ^hernio- 
tomy and the radical cure. Cliloroformed at the Afzulgunj Hospital at 9h. 23m. 
40s. by Shivram Balkristna. Full an:esthesia at 9h. 28m. 15s. ; continued until 
the operation was finished at lOh. Om. 45s. 


Observations. 


n. M. s. 

A. 9 23 40. — Chloroform on cap ; blowing* rapidly, 56 times a' 

minute. . 

B. 9 24 5. — Cap close to face ; regular respirations, 32 a minute. 

C. 9 25 30, — ^Regular respirations, 28 a minute. 

D. 9 25 50. — Short struggle ; one breath of pure air. 

E. 9 27 35. — ^Took two breaths of pure air while more chloroform 

was added. 
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M. S. 

F. 9 27 45. — ^Talking incoherently. 

G. 9 28 15. — Cornea insensitwe ; stopped chloroform. Anncsthesla 

kept u{4 afterwards until the operation was finished 
at lOh. Om. 45s. 

As a clinical record of facts the above cases are no loss valuable in their 
.way than tlie record of The facts observed in the experiments of the Hyderabad 
Commission, of which they form the counterpart. Clinical experience confirms 
the experimental data of the Commission, and proves that the first eflbet of chlo- 
roform inhalation with regular brealhing is normal narcosis, so called because 
it is free from risk. Accordingly the first stop in chloroform administration 
should bo to secure inhalation with regular breathing, and the Coinmission’s 
experiments as wjell as the clinical cases co-incido in showing that this is tin* 
main difficulty .the chloro for mist has to contend with. Both jirove that apart 
from mere • resistance, any ^idiospuTasies that may disjday thems(dves, 
whether in man or animals, before the stage of full narcosis is reached, are 
not duo to the direct eflects of chloroform, btit are caused by the peculiarities 
•in, Or the distinctive features of the res]uration in the subject o])erated upon. 
For example, the distinctive features of tho respiratory function which enable 
rabbits to burrow in sand, and goats to career across rocky heights, lend 
themselves very readily to the irregular respiration, bolding the breath, and 
prolonged reflex stoppage ol' tho h(?art, whicdi make it by no means easy 
to obtain regular blood-ju'cssTire tracings with these animals in the first stag(' 
of chloroform administration.* Similar eflects may be produced clinically in 
patients under chloroform by peculiarities of the respiration depending n])on 
temperament, and disease.f In tho beginning of chloroform inhalation 
fear or excitement or cc/tain phas(!s of disease m.ay give rise to irregular re- 
spiration, which,*though harmless in itsoll', may lead to irregular inhalation and 
overdosing. It is therefore incumbent on the chloroformist nevc*r -to allow iho 
patient to inhale chlorolorm when tho breathing is irregular or abnormal. In 
'this way normal anresfhesia can be ensured, and accidents in the early stages of 
chloroform narcosis, which are said to be unavoidable and duo to chloroform 
syncope, ean bo jirevented. When once surgeons admit that normal anaesthesia 

Vide Experiments Nos. 101, 102, 102, 171 and 172 on rabbits; and Nos. 13G, 137, 141, 143, 173 and 170 on goals. It 
is extremely difficult to make any animal respire regularly in the first f^tuge of chloroform inhalal ion, especially rabbits 
and goats. This difficulty may bt* overcome by artificial re.spiratioTi through a tracheal tube and pumping chloroform into 
%ho IrtngB with bellows : but this unnatural process entirely vitiates the experiment. Natural breathing is no longer 
possible, and the nonnal oxygenation of the blood must be interfered with. 

+ Vidfl Clinical cases, Nos. 285, 290, 816 and 326, which show the effect of temperament ; and Nos. 309 and 317 ahich 
show tho effect of disease. 

60 
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is all th^ chloroformist has to produce, chloroform syncope will become a 
figment of ^e past. The clinical and experimental data of the Hyderabad 
Commission completely expose the fallacy underlying the wide-spread belief in 
the direct action of chloroform upon the heart, a belief which is founded 
mainly on fatalities under chloroform that have never been proved to be due to 
anything but abnormal inhalation. , 

Much discussion has takon place lately with reference to the quality of 
the chloroform as a factor in anaesthesia. It may therefore be as well to note 
that in all the second and in more than half the first series of cases reported in 
this section, the anaesthetic employed was Duncan and Flockhart’s methylated 
chloroform, and that vomiting occurred in less than five per cent, of the admini- 
strations. 

The Commission does not attempt to make its conclusions I'etrospective. 
It is sufficient to recall the fact that deaths with chloroform have, with few 
exceptions, happened in the practice of those '^ho take the pulse as a guide 
as to its effects, and to repeat that the pulse can only give indications of actual 
danger and of abnormal administration. When it is considered how universal 
has become the custom of taking the pulse as a guide in chloroform inhalation, 
more especially during- the last ten years, it is evident that but for natural 
safeguards which surround the administration of chloroform, namely, lowering 
of the blood-pressure, stoppage of the respiration, and stoppage of the heart, 
the mortality from abnormal inhalation would have been considerably higher ^ 
than the one in so many hundreds or thousands shown in the useful statistics 
of Mr. Roger Williams and Professor Wood. 

The Commission desires to prove that in the practice of surgery death 
from chloroform should be impossible. The question is : Will any surgeon 
henceforth accept the responsibility of refusing to follow the teaching of the 
Hyderabad- Chloroform Commission, seeing that it demonstrates how normal 
anfesthesia can invariably be secured ? 



• PART X.— PRACTICAL CONCLUSIONS. 


The following 'are the practical conclusions which the Commission think 
may fairly be deduced from the eaperiments recorded in this report : — 

I. The recumbent position on the back and absolute freedom of respira- 
tion are essential. 

il. If during an operation the recumbent position on the back cannot, 
from any cause, be maintained during chloroform administration, the utmost 
attention to the respiration is necessary to prevent asphyxia or an overdose. 
If there is any doubt whatever about tlie state of respiration, the patient should 
be at once uestored to the recumbent position on tho back. 

in. To ensure absolute freedom of respiration, tight clothing of every 
kind, either on the nock, chest, or abdomen, is to bo strictly avoided ; and no 
'assistants or by-standers should be allowed to exert pressure on any part of 
the patient’s thorax or abdomen, oven though the patient bo struggling 
violently. If struggling does occur, it is always possible to hold the patient 
down by pressure on the shoulders, pelvis, or legs without doing anything 
which can by any possibility interfere with the free movements of respiration. 

IV. An apparatus is not essential, and ought not to be used as, being 
made to fit the face, it must tend to produce a certain amount’ of asphyxia. 
Moreover, it is apt to take up part of the attention which is required elsewhere. 
In short, no matter how' it is made, it introduces an element of danger into tho 
administration. ' A convenient form of inhaler is an open cone or cap with a 
little absorbent cotton inside at the apex. 

, V. At the compaencement of inhalation care should be taken, by not 
holding the cap too close over the mouth and nose, to avoid exciting 
struggling, or holding the breath. If struggling or holding tho breath do occur, 
great care is necessary to avoid an over-dose during the deep inspirations which 
follow. When quiet breathing is ensured as the patient begins to go over, there 
is no reason why the inhaler should not bo applied close to tho face ; and all 
that is then necessary is to watch the cornea and to see that tbe respiration is 
not interfered with. 
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VI. In children crying ensures free admission of chloroform into thft lungs ; 
but as struggling and holding the breath can hardly be avoided, and one or two 
whitl's of chloroform may be sulficieuii' to produce complete insensibility, they 
should always be allowed to inhale a little fresh air during the first deep inspira- 
tions which follow. In any struggling persons, but especially in children, it is 
essential to remove the inhaler after the first or second deep inspiration, as enough 
chloroform may have been inhaled to produco'deep anajsthesia, and this may only 
appear or may deepen after the chloroform is stopped (inde stipra sub-paragraphs 
2 and 9 of conclusions in paragrajjh 30). Struggling is best avoided in adults 
by making them blow out hard after each inspiration during the inhalation. 

VII. The patient is, as a rule, anaisthetised and ready for the operation to be 
commenced when unconscious winking is no longer })roduced by touching the 
surface of the eye with the tip of the finger. The anaisthctic should never, 
under any cii’cumstances, be pushed till the respiration stops ; but whim once the 
cornea is insensitive, the patient should be kept gently under by occasional inha- 
lations and not be allowed to come out and renew the stage of sti’Uggling and 
resistance. 

\TII. Asa rule, no operation should be commenced until the patient is 
fully under the influence of ana'sthotic so as to avoid all chance of death from 
surgical shock or fright. 

IX. The administrator sho^lld be guided as to the eft’oet entirely by the 
respiration. His only object, while producing aurTsthesia, is to see that the 
respiration is not interfered with. 

X. If possible, the patient’s chest and abdomen should bo exposed during 
chloroform inhalation, so that the respiratory movements can be seen by the 
administrator. If anything interferes with the roBj)iration in any way, however 
slightly, even if this occurs at the very commencement of the administration ; if 
breath is held, or if there is stertor, the inhalation should be stopped until the 
breathing is natural again. This may sometimes create delay and inconveni- 
ence with inexperienced administrators, but experience will make any adminis- 
trator so familiar with the respiratory functions under chloroform that he will, 
in a short time, know almost by intuition whether anything is going wrong, and 
bo able to put it right without delay before any danger arises. 

XI. If the breathing becomes embarrassed, the lower jaw should be 
pulled, or pushecj from behind the angles, forward, so that the lower teeth 
.protrude in front of the upper. This raises the epiglottis and frees the larynx. 
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Aj; tho ea&e tfme, it is well to assist the respiration artificially until the embar- 
ras?irnont passes off. 

»• 

• 

XII. •!£ by any accident the rogpiration stops, artificial respiration should 
be commenced at once, while an assistant lowers the head and draws forward the 
tongdo^with catch-forceps, by Howard’s method, assisted by compression and re- 
laxation of the thoracic walls. Artificial respiration should bo contimied until 

there is no doubt whatever that natural respiration is completely re-established. 
* • 

XIII. A small dose of morphia may bo iujocted subcutaneously before 
chloroform inhalatioix as it helps to keep tlie patient in a state of ana-sthesia in 
prolonged operations. There is nothing i.o show that atropine does any good 
in connection with the administration of chloroform and it may do a very great 
deal of harm. 

• 

XIV. Alcohol may be given with advantage before opei'cations under 
chloroform, provided it does not cause excitement, and merely has the effect of 
giving a patient confidence and steadying the circulation. 

The Commission has no doubt whatever that, if the above ruhis be 
followed, chloroform may be given in any case reqniiing an operation with 
perfect ease and absolute salbty so as to do good without the risk of evil. 

Tho practical conclusions arcyjeproduced here in their original form. They 
were written before the Corninissron had had time to realise tho full meaning of 
tlieir experimental diita, or opportunity to put them to tho tost of clinical exj)c- 
rience. They .were not regarded as final by tho Commission, as it was hoi)ed 
and expected that surgootis and j)hyBiologiBtB would examine the tracings and 
descriptions of the* experiments for themselves, and draw their own conclusions 
from them. 


It only remains for the Commission to show, by comparison of Syme’s princi- 
ples' with the facts established that it has accomplished the object for which it 
w/is appointed. “ The Commission was applied for because it was felt that 
Syme's principles, which both experience and experiment bad shown to be pra- 
tically sound, must be founded upon a firm physiological basis.” In his original 
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lecture Syme said, “ The* * * points that we consider of the greatest practical 
importance in the administration of Chloroform are”— ■ 


(1) “ First a free admixture of air 
with the vapour of chloroform, to en- 
sure which a soft porous material is 
employed ***** we use no apparatus 
whatever.” 


(2) Syme said, “ Secondly, if this 
[viz. a free admixture of air with the 
vapour of chloroform'] be attended to, 
the more rapidly tho chloroform is 
given tho better tiU the effect is pro- 
duced ; and hence we do not stint the 
quantity of the chloroform.” 


(3) Thirdly, Syme said, “ wo never 
continue beyond the point when the 
patient is fully under the influence of 
the anajsthetic.” 

(4) “ Then — ^and this is a most im- 
portant point — ^we are guided as to the 
effect, not by the circulation but en- 


(1) The Commission has ‘shown 
that a free admixture of air with the 
vapour of chloroform alone ensures 
normal respiration and normal an»es- 
thesia,* and that no form of apparatus' 
or inhaler can determine regular 
breathing, f 

(2) The Commission has demon- 
strated that there is nothing to be gain- 
ed by slow ana'.sthesia, and that the 
strongest concentration, ol the vapour 
of chloroform that is compatible with 
regular breathing constitutes the safe 
dilution of tho anaesthetic.:]; This does 
not mean that the patient is to bn 
forced to inhale over concentrated 
vapour. Any concentration, or any 
method of administration whatsoever, 
which interferes with or stops tho 
patient’s respiration must impede the 
inhalation, and by importing into tlie 
adininist*'ation the risk of asphyxia 
must produce abnormal ,ana;sthcsia. 

(3) This point is 'now self-evident. 
Normal anaesthesia fs all the chloro- 
formist has to produce'. * 

(4) This is the only point on whidh 
the Hyderabad Commission has im- 
proved upon Syme’s teaching. ‘The 


• Vide especsially EzperimentB Nos. 148, 168, 169, 170 and Lndwig III and IV of 186, 

t Vide page 298, and experiment No. 41 page 41. 

X Vide page 897. 
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tirely by* the respiration ; yon never pulse can-n^ver be a guide to normal 
se^any body here [Edinburgh] with chloroform anaesthesia. Syme said 
hisnnger on the pulse while (jhloro- l^at the duty of the chloroformist 
form is giyen.” was to he guided by the respiration ; 

the Commission has proved that it is the 
chloroformist’s duty not to be guided 
by, buf. to guide the respiration, and to 
keep the inhalation regular so as 
always to produce normal aniesthesia. 


The report thus ends by showing Jtow thoroughly the Hyderabad Com- 
mission has succeeded in'^roving that the late I’rofessor Symo’s principles of 
chloroform administration are right. This is the most fitting tribute the Com- 
missionrjssa’pay to the genius and wisdom of the illustrious surgeon, who, by 
his teaching and example, elevated and ennobled British surgery and paved 
the way for the new era inaugurated while yet ho had full time to appreciate it, 
by his equally illustrious son-in-law Sir Joseph Lister. 

EDWARD LAWRIE, President. 

T. LAUDER BRUNTON, ) 

G. ROMFORD, V Memhers. 

RUSTOMJI D. HAKIM, ) 





PART XI.-PI4TES. 


Note on Experiment No. 169. 

Experiment No. 169. — One Ludwig tracing — treading from left to right, 
and one Fick— reading from riglit to left. The Ludwig tra6ing consists of 
respiratory and pulse curves ; and tho pulse curve is also shown from time to 
time on the Fick tracing. The Ludwig trace shows that after anaesthesia was 
produced at llh. 27m. 408., the respiratory curves became smaller and smaller, 
and at llh. 30m., before Fick reading 3, they entirely disappeared. The pulse 
curve then failed rapidly and, after Fick reading 4, is to be seen as a mere lino 
till the heart stopped. A needle was inserted into the heart after the respira- 
tion stopped and moved, vigorously at first and then more and more slowly, 
until llh. 34m. 45$. 


Ohservaiions. 

H. M. s. 

A. 11 27 5 Chloroform gently and continuously with regular breath- 

ing. 

B. 11 27 40 Cornea insensitive. 

C. 11 30 65 Respiration stopped. Needle in heart. 

D. 11 34 45 Heart stopped. 

Experiment No. 169 shows tho effect of uncomplicated cliloroform poison- 
ing pushed till death. Anaisthesia was produced at llh. 27m. 40s. The 
administration was kept up afterwards for 3m. 15s., during which period the 
respiratory function was failing, and at llh. 30m. 558. all respiratory move- 
ments had come to an end. No attempt was made to restore tho animal, and it 
died. It is obvious that the supply of Oxygen to the blood, and through it to 
the heart, was diminishing, in direct proportion to the deepening of the narcosis 
of the respiratory centre and the increasing inefficiency of the respiratory 
function, during the three minutes before the respiratory movements quite 
ceased. The weakening of the heart, which is perceptible in the pulse-curv'e* 
of the Ludwig tracing, was, therefore, clearly due to gradual arrest of its ' 
nutrition from failure of the respiration ; and it cannot be attributed in any' 
degree to the direct action of chloroform, unless the effect of failure of the 
respiration on the heart is entirely ignored. After the stoppage of the respira- 
tion, the heart’s action became more and more enfeebled, until its nutrition was 
finally arrested owing to the fact that its supply of Oxygen was completely ■ 
exhausted ; and the heart ceased to beat at llh. 34m. 45s. 





PhQto. No. 262. Expt. No. 117. Ludwig tracing II. Reads from left to nght. See page 9n 






Plate II 




Fihoto. No. 326. Expt.No.lSO. Pick tracing 
Reads from right to left. See pages.116 and 24 









Photo. No. 309. Expt. No. 143. 'L*udwig tracing 1. Rj^ads from left t'o right. See*^ages llO and 393- 



Photo, No. 112. Expt. No. 64, Ludwig tracing HI. Read_ from left to right. See page 33. 




Photo. No. 318. Expt. No. 148. Ludwig tracing I. Reads from left to right. See pages 113 and 342. 




Plate VI 




Phot<J. No. 322. . Expt. No. 148. Fick tracing II. Reads from right to left. See l#age 113. 





Photo, No. 384i Expt. No. 178. I^udwig tracing II. Reads from left to right. See page 184. 



Plate VIII. 







Photo. No. 421. (Continued on Plate XL) Expt. No- 186. 



Photo. No. 422. . (Continued on Plate XI.) Expt. No. 186, 


Plate X. 






Ludwig^ tracing,!. Reads frcrti left to right. See pages I4t, 386 and 864 



L,udwig tracing 11. Reads from left to right. See pages 141, 336 and 384. 



Plate XI. 





Photo.No.428. (ConlinuedonPlateX!!!.*) Expt.No.f86l Ludwig tracing IH. 


\ 





Photo. No. 424. (Continued on Plate XIII.) Expt. No. 186. Ludwig tracing IV, 






Reads/roili left to righi. See pages 141, 886 end 884, 



Reads from left to right. See pages 141, 336 and 884. 



Plate XIII 













